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Goals of the Defense Environmental Program
Peter 8. Dale
Presented at
Amsrican Defense Preparedness Association
13th BEnvironmental Systems Symposium
March 2Q, 1984

Good morning ladies and gentiemen. I am here this morning to
tell you about the Defense environmental program and what our
goals are. In preparing to talk to you, I asked myself why all
you environmental scientists and engineers came here today. The
first reason was undoubtedly to ride the Metro now that it's
almost reached Bethesda. I came here five years ago for the same
reason, and I am still waiting. Maybe by organizing, our dream
will be fulfilled. I hope you came here to find out what is
going on in the DoD environmental program so you could beter
respond to our needs. It is a lauvdable purpose, and we fully
support it., It's certainly one reason 1 am here. Another reason
we are both here is to learn something. We usually call that
tech transfer. Heaven knows we all need it. We have plenty of
unsolved problems. We don't even know how to define when a
problem’'s been cleared up, and we 40 lots of reinventing the
wheel. We are now embarked on an "innovative® project to &o
turn-key contractng of waste treatment plants. I use
*innovative” here in the very loose sense of the word.

Goals

Let me now respond to the first reason you came -~ to hesar about
our goals. In doing so, I will tell you how we expect to get
there, how far we have gotten, and what's coming. It is the goal
of the t-llud‘t of the conference to cover the tech transfer.

8o what s going on? A lot{ 1In case you haven't noticed, we

have all been very busy trying to solve problems. We have
defined our goals in two simple phrases because I am a firm
believer that more than two goals is "no goals.” .We must
maintain our focus., Our two goals are (1) enviroamental
regulatory compliance and (2) waste stream reductioa. Wy
compliance we mean comp lyu! with all state, local and federal
laws and regulations. also mean achisvement of the natiomal
goal to expeditiously clun u uurdou waste sites. In our
haultmu wvaste cleanup " ﬂu put & “ﬁumih. on out
comple umptogu- S seens & long way '
but I kaow ovoﬂuxmatuummtmmmm'uu
for themselves u%tuld & goal to complete
assessment of all douno installstion cleanvp ‘::oncu by 1988,
We are now nearly 808 of the way to achieving L ]

because we have contracts 't‘:c:lm to @0 m rest mk.
are virtually assured of ing it.
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Compliance

Why should we be so interested in compliance? The direct answer
is that it is the law. But perhaps that more important answer is
that it is in our best interest to do so. Productivity depends
on motivation., Workers are not likely to be motivated if their
friends at the PTA think they work in a place that's messing up
their town. Another reason it's in our best interest to comply
with the law is because compliance is one way to help avoid
future liability from environmental problems. We all know the
potential liability from enviroamental transgressions is enormous.
Even a "small® incident can lead to multi-million dollar cleanup
and tort problems. This conclusion led many private companies to
adoption of self-audit programs. We are also beginning to do
audits on a large scale. A third reason that compliance is
important is that it is essential to maintaining the credibility
of the organisations. This is true in the public and private
sector alike. I am convinced that an agency's environmental
protection reputation significantly affects its ability to
attract funds from legislators. Ny last reason why we should
comply is more esoteric. Bavironmental protection is inseparable
from the basic mission of the Defense Department. Protecting the
nation includes protecting the guality of the places where we
live and work.

Why Waste Stream Reduction?

Why are we focusing on waste stream reduction? This is almost
entirely a goal of self-interest and good fiacal management.
Waste causes problems with compliance, reporting, disposal
storage, public relations, law suits and unknown future
liabilities. The latter i{s by far the biggeat risk and, ss we
know from the asbestos example, can run to the billions of
dollars. Thess costs greatly outweigh the relatively small cost
savings from inattention to wasts stream management, the ficat
step of which is waste stream reduction.

Bow To Achieve Our Goals?

Bow do we achieve our goals? Achieving our goals depends on a
commitment by everyone involved. And everyone I ifnclude
defense personnel, our coatractors, our regulators. Through
this commitment, we can work ther to identify isnovative,
low-coat ‘::ou- solutions. s total commitment greatly
reduces nusber of disputes which arise and which are often
only excuses for msot enecuting a program. Disputes iavolviag
minor issuss of responsibility fanding perpetuate
noa~conplisnce. We need to @0 better in s area. The key is
establish : co-um: at t:tn’.ueu level t:"nln prodblems.
Data shew wa Cah solve & percentage our prodblems
through local efferts.

Defense personnel, contractors, and regulators esch have
sonething special to offer as we work toward our goals. Por
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Defense personnel the first step is to clearly identify the
problems we face. 8Secondly, we must assure that we are doing the
best we can to cooperate with regulators. Doing othervise alwvays
causes problems. Regulators will help if we are forthright. We
have good examples of this, particularly in EPA Regions III, IV,
and VI, Thirdly, Defense personnel must insist on excellence in
the wvay people do work for us. Given the high costs of
non-compliance, particularly in the hazardous waste area,
anything less is unacceptable.

1 have one particular plea to Defense personnel, and that is to
provide me your ideas on how to improve our program. Send in
those cards and letters. We really want them.

In the Office of the Secretary of Defense, one of the things we
have done to help achieve our goals was to establish the Defense
Bnvironmental Leadership Project. Under this project we have
gathered 6 environmental engineers to address the long-term
problems of managing the Defense environmental program. We are
working on hasardous waste policy development, risk assessssnt,
industrial processes evaluation for waste stream reduction, and
other long-range tasks.

How can contractors contribute to gchisvement of our gosls?

How can contractors coantribute to achievement of our goals?
First, tell it like it is. Tell us what you believe, not what
you think we want to hear. Help us by putting things in
perspective. 1In my opinion, lack of perspective was a major
shortfall ia our early Installation Restoration program reports.
Por le, to say radiocactive material is buried at a site, and
not put in even the most gross bounds on how much waste is
involved, is of little value in understanding the importance of
the problem and can cause extremely adverse public response.
Thirdly, contractors must do their best to offer innovative
ideas. When you think you have good ideas and no one will
listen, come to me. I will.

What can requlators do to belp achieve our goals?

What can regulators &o to holgo:chtm our goals? Before looking
at this, let me suggest that b Defense personnel and
regulators must remember that if we are out of compliance, we
both suffer. The public perceives non- liance as a fault of
the regulatory system. 8o it is {a our collative iaterest to
-n{.: n a constructive relatiocndhip that will expedite
compliance.

Nov some points for regulators, Pirst, I lore aot to keep
secrets. ':zmthm'.mdﬂ&qm ) “do:.. Y00
often we find out , you are thinking the press, the
Gensral Accomnting Office, or w. 1ators should
note that Defesnse iastallatioa oo S bave

incentive to eeaply with the law. WNWilitary promctions swisg ca

s
-

B oy 2 1S NN .

el e e

ek




hairs. If a commander wants to be promoted, he won't let a
pollution problem persist. Commanders know that good co-unity
relations are essential to esprit de corps on nu installation.
Bad publicity in environmental compliance is guaranteed to damage
this important aspect of base operations.

What is the best tool a regulator has for stimulating compliance
at Defense installations? 1 believe it is a simple letter

to the commander identifying concern. Such letters can clearly
indicate the importance of the issue to you, but need not create
adversarial situation. It helps not to let things fester.
Wotify the installation commander promptly of your concerns. If
you don't get a suitable response in a reasonable time, use
problem resolution procedures involving a higher level of
management in both the regulatory and regulated communities. Be
sure to keep the communication channels ofcn Try to meet with
Defense personnel when you don't have an issue to discuss. The
rapport established under these conditions will expedite problea
resolution later. Lastly, let mes ask you not to skewer us on our
own swords. If you discover a problem through auditing that
we've done, you can be assured that we will work to achieve a
solution. 1If in identifying a problem to you, we find ourselves
‘the victim of adverse licity or strong regulatory measures,
our managers are unlikely to continue looking for environmental
problems and your job will be tougher.

Gilding the Lily.

for all of us hoto, one of the biggest problems is to avoid
"gilding the lily." It is very tempting to go for t.hc super
solution when resolving an environmental problea. This is
destructive to the r:ogta because it reduces the resources
available for cleaning up other sites, is an attack on the
credibility of our work, and it may lead directly to a “golden
fleece avard."

Resources

Let me now briefly review the rescurces we have to address
eavironmental grcblnl In the Defense Department we are
expending nearly a billioa dollars annually on the program, and
we have 4,000 people full time ia the work. Our policy
is to fund compliance pro s famediately. We fund cleanup
grojocuumunkm what, needs to be done. However, we
oﬂuunox:‘ as everyone else in Montulngbuclm
is clean and identifying the best way to attack cleanup problems.

umdmmnm.uhnnmmtum

hasardous waste ol robleiis in the Defense
u un. iec to e -u this fuad, we 03’ aillion
upo-l fnn umn aad wo anti l.p:: “ c:“ lml ot

e a
approuimately $300 million & year watil f1o90. degia to
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approach the cleanup goal of 1993 program requirements should
substantially decrease.

How Are We Doing?

Let me give you a little report card onm how I think we are doing
in the Defense Department in achieving our goals of compliance
and waste atream reduction. 1In the area of air and water, I give
us a fair. The bad news is we still have a lot of minor sources
out of compliance, particularly in the water area. The good news
is that our compliance for major sources is high and that we have
projects underway that will eliminate all known non-compliance
conditions for major sources. In the RCRA area, our performance
is unclear. We are now conducting a survey which will give us a
much better picture of how we are doing. We know that we don't
have a large number of RCRA violations reported by regulators.
However, we also know that this may be simply be because no one
has looked carefully. In the TSCA area we have not done well but
we are rapidly correcting the situation. About 158 of our
installations failed to meet the January 1, 1964 deadline for
eliminating PCB storage longer than one year. We now have a firm
plan that will achieve compliance with this requirement by
December 1, 1984.

In the hasardous waste Cleanup area 1 give us the highest marks.
Our cleanup program started in 1975, substantially before anyone
else’'s, In 1980, even before the passage of the Superfund
cleanup law, we greatly accelerated our program. Between 1980
and 1984 the program continued to increase steadily. The
decision of the Congress to provide funding in 1984 at a much
higher level than we had provided previously planned assured
continuing increase in our effort. At the end of 1983 we had .
completed 257 of 429 installation assessments. We had 111 of 155
site studies completed or underway and we had over 23 cleanup
actions in progress. We have completed our hasardous waste
program actions at 122 installations.

The Puture

What does the future hold for our gtogra-ﬂ I see two things
coming that wil) impact how we 40 business. PFirst, EPA’'s
decision to include federal sites on the Mational Priority List
will undoubtedly affect our priorities. Ultimately we expect 200
installations to be scored for possible inclusion on the List and
we expect 30 to 40 to ultimately’ be listed. Second, our
initiative to do environmental auvdits will also affect our
program. All three services are conducting work in this area.
Alt we 40 not have any DoD llc! onh environmental audits,
we are thoroughly examining the benefits of establishing one.
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Conclusica

We have done a lot to achieve our goals of environmental
regulatory compliance and waste stream reduction. We've
completed hundreds of projects and have numerous agreements with
state and federal agencies in place. We have dona over 300
record searches and have over 100 comprehensive contamination
studies complete or underway. Our cleanup budget has increased
over 700% in the last 3 years and we have had a 3008 increase in
the environmental staff in 0SD. We added many joint BPA
projects, and we greatly increased the amount of information we
bhave made available to the public on our program. Defense
persoanel, our contractors and the regulatory community must work
t:xotbu to achieve our goals of complete regulatory cospliance
reduction ' . the amount of waste we generate.

Thank you and good morning.

SR L e e



P

npd

mﬂ!llljlb

he national program for hazardous waste control

depends principelly on two Federal statutes. The
Resource Conservation end Recovery Act (RCRA) of
1976, which has been amended and is in the process of
being changed agsin by Congmss, is concemed with
the proper management of newly generated hazardous
wastes and opersting weste mansgement fecliities. The
goel of this statute wes 10 have an effective system ©
track hazardous wasies from the point of generstion,
through any wansportation, 10 the ultimate trestment or
disposal.

The Comprehensive Environmental, Response, Com-
pensation, and Lisbility Act (CERCLA) of 1980, better
known as Superfund, deals with & number of problerns
related 0 the uncontiolied release of hazardous sub-
stances ino the environment, 8 subset of which is un-
contiolled hazasdous waste sites which may include
sbendoned dumps, inactive sites, or still operating facili-
ties. Superfund came about, for the most part, because
of wideapread recognition of the many uncontrolled haz-
srdous waste shes throughout the nation and the need
t0 provide 8 mechanism 10 accelerate their control and
clesnup. Congress will examine and consider extending
and perhaps changing Superfund, whase major fund-
ing mechanism expires in 1965,

Most aspects of these statutes are implemented by
the Environmental Protection Agency, akivough 8 num-
ber of other Federal agencies also have defined respon-
sibilities. Moreover, the states — if they chooss — have 8
major ole in implementing these programs under the
guidance and supervision of EPA.

The progress of the RCRA and Superfund programs
has been surrounded by controversy, inspived in pert by
broader everts within EPA. The hasardous wasie pro-
grams have been criticized by virtuslly all interested and
affected groups - from clitisens, industry, and Congress
to environmentsl groups and states - for moving o

slowly, for being ineflective in protecting public heehh .

and the enwironmment, and for being too complex. costly,
and sporadic.

M. Hirschhom (s a sanior associate st the Congres-

hene ame his own and nat necessartly those of OTA.

. Hazardous Wastes:
== Perspective on the Problem

Joel! S.Hirschhorn

While no one seems t0 be completely satisfied with
the two components of the waste program, aimost ev-
eryone will agree that the situation is far better today
than i was before these programs were established.
Credit for this must be given to the new reguistory pro-
grams and to the general public and industry leaders
who are becoming more aware of the problems and the
long-term labilities and costs of Improper management
of hazardous wastes.

And yet many troubling issues remain, along with a2
reluctance to address these issues because of the pros-
pect of still more changes in the govermnment programs.
Uncertainty about what wastes and facilities are (o be
regulated, and how, continues 1o trouble many people.

How Much of What?

What exactly do we mean by hazardous wastes? Even
this has been o confusing and contentious issue, in part
because of its complexity. Some wastes are considered
hazardous because they have been listed by EPA, others
there are the gray areas; some states regulste more
wastes as hazardous than the Federal program, and a
careful reading of RCRA indicates that more wastes
could and may be regulated as hazardous in the future.

One thing is clear: hazardous wastes are ubiquitous.
Virtually all industrial and commercial operations, re-
search establishments, educational or hospitat laborato-
ries. and military complexes, as well as many retall es-
tablishments, are likely to produce some type of
hazardous waste. But data suggest that about one per-
cent of harardous weste generators account for about
90 percent of the wastes nationally.

Hazardous wastes range from synthetic osgenic
chemicels 10 heavy or toxic metals, 8o inorganic shudges,
to solvertts, to dilute aquecus waste streermns. They may
be solid, lquid, or gaseous; they may be pure materials,
complex mimures, residues and efuants from oper-
astions, discarded products, or contaminated containers
of soll. Most hazardous wasies are managed on the site
wham they ere genersted, mom 30 In some states and
industries than others, and more hely by langer plents
and generators then by small ones.

The Oice of Technology Assessment (OTA) est-
mates the toial amount of hazerdous weste genersted
ennusih, an being fom 258 10 275 milion metric
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tonnes. Recent EPA data put the figure at 150 milion
metric tonnes, but R could rise. Federal and state dats

bases stil are being developed.

Technologles R
Virtually ol wasis manegement technologies can be
broloen down o theee broed categories, starting with
the most prefervad: 1) waste reduction efforts, 2) treat-
ment or destruction techniques, and 3) containment or
land disposal.

Waste reduction. Spurred on by the tising costs and
regulstory bundens of managing haxasdous wastes,

disposal optlons.
The result is a catch-22,

of various waste streams 30 that a smaller amount of
hazardous waste remains 1o be managed. Then there are
changes in raw materials and manufacturing processes
which are more easlly attained when designing new op-
erations, and inplant recycling and recovery operations
that are sensitive to market prices for their feasibility. A
more difficulk approsch is end-product substitution. Reli-
able data on the extert of source reduction are scaice,
but those working in the ares of hazardous waste gener-
ally believe the process is becoming more economically
attractive. Some states have imposed taxes on hazard-
ous wastes, which also may help drive the system more
in this direction.

Treatment and destruction. Studies by OTA and the
National Academy of Sclences have concluded that a
large number of waste testimert allematives are waste
specific. One or mome trestiment technologies already
have been shown 0 be technically effective for every
type of hazasdous waste. Momover, substantial reseerch,
development, and demonstration activities likely will
iead © still more alernatives.

These tachnologies fall im0 several categories inched-
ing: chemnical treatments such as neutralisstion; thermal
destruction in conventionsl Incinerstors or newer forms
of high temperatuse devices such as fuld wall reactors

insoluble and inert messes; and bivlogicel approsches
besed on naturslly occurving or genetically engineerd
organiems (0 degrade certain tasie chamicals.

Many of these technologies we belng ueed tadey on-
she and in commercisl wasis management fecilities.

iy R, - -

The extent of use, however, stll is limited, more because
of economic factors than because of lack of technical
effectiveness. Generally speaking, the costs and market
prices of treatment akkematives are substantially greater
than those for most forms of land disposal, usually from
$50 to several hundred doliars more per ton of hazaed-
ous waste.

OTA and others have suggested that the cost differen-
tial is caused by EPA policies and regulstions that favor
land disposal and ultimately lead to the “etemalization”
of some of the true short-term and long-term costs as-
soclated with &, Le., the users are not paying alll the costs
because some are being shifted 10 the future. The res-
son for this is the high probebility of failure of land dis-
posal operstions, and there are no firm assurances that
current users of land disposal will bear the costs of fu-
ture corrective actions, monitoring, or clesnups.

Moreover, EPA has given priority 10 establishing regu-
lations for land disposal options. The msult is a catch-22
siuation. Peopie are reluctant ©0 Use some bestment
technologies that are unregriated, and EPA Is prone not
1o promuigate reguiations because the techwiologies are
not being used. As an exampie of yet another dimension
of this problem, EPA defines any residue or praguct of a
reatment technology for hazardous waste as & hazard-
ous waste. The burden of proof that &t is not is with the
treatment facility operator.

The Superfund program aiso has problemns properly

most types of treatmerts can be modified for on-ske use
for remedial cleanups, or wastes and contaminated ma-
terials can be sent to trestment faciiities. Also, special

Land disposal options. The prevalent method of
managing newly generated hazardous wastes as well as
wastes and contaminated materisls fom uncontrolled
sites is land disposal; probably some 80 percent to at
least 90 percent of all such materials are disposed of in
this manner. One area of confusion, howeves, is the ex-
act meaning of the term land disposal. Many people
think of iandfilis when the term land disposal is used. In
fact. more wastes go into injection wells and surface im-
poundments (pits, ponds, and lagoons) than into land-
fills. Then there are the categories of land spreading
(also calied land farming or land treatrment) and ocesn
dumping. These are used for meiatively small amounts of
hazardous waste. Other forms of land disposal being ex-
amined and developed include the use of ssk dormes
and deposits, underground mine cavities, and above
ground vaults or bunkers which may be discrete fisad
enciosures or above ground landflls.

In most of these cases the principel objective is con-
tainment of the hazerdous westes, Le., separeion of the
wastes from the envionment. Bt In others, such as
ocean dumping and surfece impoundments, the westes




are dispersed into the environment in a way designhed
reduce adverse ervisonmental impects

aations, most objective studies of land disposal, wheth-
er they are theomstical, experimental, or based on actual
ficld experience, mvesi that land disposal cannot assure
the long-terrn protection of public heahh and the enwi-
ronment. Land disposal containment symames fall; the
major uncertainty is when. Some land disposal faciiities
have (alled within only a few years. When one mcognises
that many of the most tosic wastes will remain toxic for
decades or canturies. & becomes move obvious that
land disposal is not an acceptable long-term manage-
ment option for these wastes. A fascinsting paradox is
that radioactive wastes, which in fact become less has-
ardous over time, now are regulsted for hundreds and
thousands of years, but land disposal faciiiies for has-
ardous westes have 1o meet requisernents for only 30

years.

Land disposal is popular because R is relatively inex-
pensive when compamd with aliernatives. (ltimately
however, someone will have 0 pay t0 clesn up an un-
contralied she. The costs for that are st lesst 10 0 100
times greater than the costs 10 treat the waste in the first
place.

Public opposition %o land disposal faciities and 10 the
siting of new ones has intensified, and not unjustifiably
30, a8 technical information and experience support
many concemns and fears. But & Is unfortunaie that the
same pubiic has dificulty in differentisting between land
disposal and testment faciiities. The latier, ¥ designed
and operated properly, are similar (0 conventional man-
ufacturing operations using hazardous materials as rew
materials or producing them as products.

As the movernent grows 10 shilt flom land disposal
testment, legitimate concems over the difficulties in sit-
ing waste treatrment faciiities will arise. To date, EPA has
done littde in the siting aree, leaving & to the states ©
cope with the problem. Effective regulstions for such
treatment [acilities also are needed.

Superfund Problems

The Superfund program has stiracted moet of the atten-
tion surrounding hasasdous wastes. Because Superfund
sites, by definliion, consist of actual or imminent n-
leases of hesesdous substances o the envisonment,
people exposed 1 the dangers of these sies have be-
come vocal, wall osganised, and technically sophisticat-
ed, and have anerted considersbie poliiical pressuse.
Mo sttention has been given recently (0 the “band-aid”
character of sernedial actions and the inedeguecy (and
some say immorelity) of shifing westes o one loce-
tion 10 anothes. Seversl cleanup actions heve falled soon
alter their completion while even mom have deslt whh
only part of the problern, ¢.g., siies wher open end leak-
ing drums of weste and surfece contermination e -
moved, but nothing s done 10 clean up & contarninated

Part of the problem is the lack of specific national
cleanup goals, generally referred 10 as the “how clean is
clean?” issue. Central 10 the issue is the fact that clean-
ups may never lead 10 genuine, permanemt sohsions
and can vary significantly from one sie 10 anothec
Questions also must be answered conceming scoept-
abie levels of sesidual contamination and commitments
for funse use of the sltes.

Morever, major uncertainties remain as (0 the number
of exdsting uncontsolied sies, their degree of hazand, and
the ikelihood of curently used waste facilities (even
those for nonhesasdous solid waste such as sanitary

It is clear that controlling
hazardous waste will remain a

major national activity
for many years o coma.

fandflis) becoming Superfund sites. Combining the un-
certainties about fubue cleanup technologies, cleanup
goals, and the manber of sies lesds o0 considerable
concem sbout what is nesded for the Superfund pro-
gram. OTA estimates thet total deanup cost could
amount 10 between $10 billlon and $40 billion, but since
that estimate mome slies have been revealed. in EPAS
rventory there are some 17,000 uncontrolied sites and
this will rise. (An unofficial estimate in the fall of 1983
incrensed the figuse ©© 22,000.) Future costs could
climb substantially, depending on EPA policies.

The Fubwe

What does the fuluse hoild? More wastes ere likely 10 be-
come mguisted under RCRA. There will be more prohi-
bitions for fand diapossl of certain types of wastes and
sguistions for land disposal liwly will become move
stringent. in addiion, rising costs of waste management
wil Mmotivale MO Wasle GENSIIIOTS 10 Use SOUICe fe-
duction. Eventually, some of the obstacies to greater use
of reatment technologies will be removed, possbly with
the government providing disect incentives.
Expending the current five-year $1.6 billon Super-
fund progrem — perhaps using a8 tax on hasasdous
wastes gensrated instesd of or in addiion 1o the presant
feedmock tex — has ativected considerable intevest
Some states have adopted this appwoech, both 1o reise
funds and o ix land daposal higher han mor pe-
ferved chamutivas. EI: implarnentstion of Superfund,
i the program s etended by Congress &8 epected,
probably will undengo substantiel changes over me. R s
chear t contsoliing hesandous wests will emein & me-
jor nationsl activily for many yeers o come. R aeo b
cloar it the waste managernent industty will apend,
m-nmm»mum
momne high-tech solulions.
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BAILE'r GUARD
CHIEF CLERK
SENATF COMMITTEF ON FNVIRONMENT AND PUBLIC WORKS

| am particulary glad to join your group this morning becouse in our work with
environmental issues we see representatives of industry, state governments, and citizen
groups; we see able professionals from the Environmental Protection Agency - but
other than the Coast Guard, scarcely a uniform. Much less are we fomiliar with the
environmental activities of the Deportment of Defense.

So this is welcome opportunity for me, if for no other reason than to illustrate
the gulf between our institutions, and to call attention to the need for improved com-
munication. | thank you also for this chonce to meet with you, becouse it required me
to think about this neglected arec.

i hope it will neither surprise nor offend you when | say | believe the generol
impression among Members and staff on the Hill is that the environmental performance
of Federal facilities, and of the ogencies responsible for them, has been somewhat
abysmal. | cannot document that impression, and | confess that there has been neg-
lect on both sides. | do not propose to dwell on past failures, but they may be a
measure of the nature of the challenge we face, and of the recent progress that hos
been made.

Following the excitement and the legisiative activity which made the Senate Co-
mmitiee on Fnvironment the focus of attention and accomplishment--with the Clean

Air Act of 1970 ond the Clean Water Act of 1972--and entire decade slipped by during

which, it seems to me, Federal facilities environmental compliance demonstrated little
more than sluggish bureaucracies reflecting the not-invented-here syndrome. For from
setting the exampie, rather thon proudly showing what could be done with enlightened
leadership, the general impression was of lethargy motivated by apathy. Partly, through
ignoronce, perhaps even from negligence, surely with a touch of arrogance-but mostly
from a natural preoccupation with each agency's primary mission - environmentol
compliance became lost in the competition of each year's priorities.

if that choracterization is overly harsh, | hasten to add thot the institutional
impediments were neither recognized nor deolt with. FPA priorities went fo the States
ond communities and industries which cried out for attention. No great independent
Federal agency con be expected to wax enthusiostic about some diversion which con-
sumes both its budget and personnel. And the authorizing ond appropriations com-
mittees olready hod o ploteful, dealing with each great program of government.

After o long dry spell, it appears that, with your help, this situation is now being
turned around. _

| heor instead of the change in attitude, and new leadership since the arrivol of
Peter Daley. Ruckeishaus' policy, through Al Aim and our friend Jossphine Cooper,
once more looks to setting the Federal example. And not only for the example of a
job well done, but also for the very practicol consequence of a
which becomes as positive a contribution to the whole effort whether it be o
stack, a municipal tractment plont, a privote car, or an Army dump. Just as proc-
ticol, Is ovoiding the black mark which folks find it so easy fo chelk |
o metaphor, against Uncle Som.

!_.
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The 1968 ond following executive orders appear finally to be bearing fruit--in the
EPA yellow baok and the policies it incorporates. Both, | recognize, will be sterile
ond unproductive unless accompanied not only be cooperation, but olso be genvine
initiative, good will, and hord work by every contributing agency.

Most of all, the great alibi for inoction over the years has been no approprictions-
-when we understond very well that agencies know how to get money for those things
vital to them. So ogain, it is o pleasure to have Jo Cooper remind me of the $50
million line item to get to work on DOD dumps.

| really did not mean to preach a sermon, or to sing you @ hymn of praise. My
subject is supposed to be changing environmental attitudes. So | will comment, in o
general way if | may, on those | see close ot hand among the Members and staff of
the Senate Committee on Fnvironment and Public Works.

First, as to media, as it is calied, we begon seriously in 1970 with air, and two
years loter on clean water. Then in 1976 we tackied an even more intractable sub- N
ject, solid waste, at the some time we were trying either to fine tune or to further '
complicate the air and water programs. Now, following superfund and Love Conal ond ’
Times Beach, attention is more and more on foxics, hozordous emissions, carcinogens, :
mutagens— in short, poisons.

While it is not a field thot particulorly entrances me, | think that trend is likely
to continue. It is obviously a subject with an almost endless capacity to attract pub-
lic interest, and one which grips the attention of a generation fascinated by diets, ond
enthralled by nature. And, | submit, it is past the time that we should move from
NOX and smog, and from SO2 ond acid rain, to the hazardous air poliutant and the
bidden myst._ries of the water we drink.

ey

A brood new areo of interest is groundwater--to which one of devoted new Mem- g i
bers, Senator Durenberger of Minnesota, has aiready given a great deal of attention. o
Here is a subject that promises to cross even more jurisdictional lines, and require
cooperction between even more disciplines and institution. On our own Committee,

Senators Abdnor and Moynihan have the rivers and harbors that feed the groundwater,

Senators Durenberger and Boucus are responsible for the safe drinking water drawn i
from the groundwater. And Senators Chafee ond Mitchell have the dumps and sites 3
that polluts the groundwater. i

An exaomple of how ropidly attention is being focused is the new issue of leakage
from underground tanks. Our subcommittee heoring of November 29 surfaced the
issve, followed by additional hearings, staff work, intraduction of a bill, and now every

’ prospect that the Durenberger underground tank amendment will be added to the ex-
tension of RCRA when it is taken up In the Senate next month,

The time for huge new grants programs is gone. New initiatives invoiving trust
funds, or fixing ligbility moybe. That leaves regulatory and enforcement measures, ond
all of us aore shy of over-reguiation. So it may be that the very best we con do is
just to carry out, and work to complete, and improve upon, and make more efficient
ond more equitable the enviranmental programs and projects already put on the track.

b |




A real swing in attitude seemed most likely three years ogo, about the time the
Republicans gained control of the Senate for the first time since | have been watching
it. The Cleon Air Act was ot the top of the list of reguiatory reforms. The Chom-
ber of Commerce spread the word that the Clean Air Act, Clean Water Act and all
were about to expire which would provide the opportunity for revisions and for changes
which, in retrospect, could have cut as wide and as deep as those industry secured in
tax changes. But that time has cleorly passed.

Let me describe briefly the work of the Committee,

After two years work following nearly 30 days of hearings and as many markups,
our Committee in 1982 reported clean air extension and modifications by a vote of |5
to |. One week ago today, aofter two days in markup, with on enlorged committee--
in foct four new members—the Committee reported 138 pages of clean air amendments
by a vote of 16 to 2. This time the acid rain title requires a 10 million ton amend-
ment reduction in SO, rather than 8 million tons, Attitudes appear to be solidifying

rather than changing.

Cleon air and cleon water no longer rivet the nation's attention as they did when
the Senate Public Works Committee was redesignated the Committee on Environment
ond Public Works. The most pressing national priorities remain the deficit, with its
threat of inflation, and of program pruning; the Middle Fast; nucleor war. But it
seems to me that the environment, like civil rights which proceded it, has moved from
discovery and protest 1o orthodoxy ond dogma.

A remarkable consistency has invested the work of the Senate Committee, reflecting,
| must believe, a nationol concensus, and what has become a more or less settled
public view. Before leaving the office, | looked back at the membership of the Co-
mmittee ot the time of enocting the Clean Air and Clean Water Acts, anu found of
present Members only Howard Baker and Robert Stafford on our side, and Jennings
Randolph and Lioyd Bentsen on the other. Stafford, now Chairman; Baker, now Leader
but leaving; Bentsen on deck. By 1976, when the Committee was so deeply involved in
RCRA as well as air ond water, Quentin Burdick and Gory Hart hod become members.
Alvmni such as Bob Dole, Jim McClure ond Pete Domenici have quite an enhanced
policy role in the Senate of today. As |} mentioned, Senators Evans and Lautenberg
ore quite new to the Committee, as were Dove Durenberger and Gordon Humphrey last
yeor.

Yet, with these changes in membership, with the chonges in national mood, with
rather profound changes in technology and the cultural life of our country, and across
several changes in odministrations, the direction of policy for environmental protection
ond the general approach of Congress-- so far as one can choracterize such an amor-
phous institution-- remains consistent.

hope it may provide some
thing for industry and mun-

{eas assurance that thay con and work, and invest,
with the expectation that that investment of time ond effort will produce a worth-
while result, will not be cost aside in favor of some new whim, but will accomplish
some lasting result for good.
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1.0 _INTROOUCTION

“One of the first major enviromental latory reform efforts under the
Reagan Administratfon is the Emissfons Trading Program. The progrem provides
that States may develop, for Federal approval, 3 system that allows facilities
to trade permits to discharge afr pollutants, nrtictgltlon on the part of
the States, Federal Facilities, and activities 1s purely voluntary.

Ihe Emissions Trading Program allows relaxation of discharge limitations on
one location within an activity while requiring a ter degree of abatement
at other locations within the faclliity or within the region. Shifting the
regulatory focus from point source control to the activity level has important ¢
admfnistrative and effictency implications. The activity that produces
pollution may consist of a set of one or more unit processes and unit oper-
atfons. Examples are an industrial plant, a shipyard, & jet engine testing
facility, an office butlding, a boiler plant, a fuel storage area, or a motor
vehicle. Each generates by-products according to some time pattern; 1t is at
the activity level rather than at the individual point source that reductions
in discharges can be most efficiently brought about.

‘This paper addresses the potential use of Emissions Trading at DoD installa- . A
tions. Section 2.0 provides a discussion of the Clean Afr Act. Sectfon 3.0
susmarizes the Emissions Trading concept. Section 4.0 provides three case

studies of Emissions Trading, viz., Lemoore Naval Afr Station, Norfolk Naval -
Shipyard, and the Tri-Services Emissions Trading Project. We conclude in T
Section 5.0 that efforts to incorporate Emissions Trading in the DoD instal- B
lation planning process will be importast as the future development of this :
atlr quality management system tekes plac_o_x

2.0 CLEAN AIR ACT

The U.S. Clean Atr Act (CAA), as amended, contains four major provisions for
managing air quality as 1t 1s affected by stationary sources. These comprise

the following:

o The U.S. Environmental Protection Agency (EPA) established National
Ambient Air Quality Standards (NAAQS) for so-called “criteria pol-
lutants,” viz., primary standards to protect human health and second-
ary standards to protect welfare (see Table 1) .

o EPA was required to establish emissions standards for sources of
pollution that were constructed after the issvance of regulations
(called New Source Performence Standards (NSPS)) .

o States ware required to prepare implementation plans (State Imple-
mentation Plans or SIPs) showing how they would achieve and mintain
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the NAAQS
o EPA w3 required to Tish National Emfssion Standards for Wezard-
ous Pellusants ( ¢
The principsl elements of afr quality monagement in She CAA includes ¢frect e
numin through tions mui on the eperetion of activities thet $




TABLE 1.

MATIONAL AMBIENT AIR QUALITY STANDARDS

Solanm Avevegiag thme Primery condesd lovils  Sasondery Genduod beve
Parsiculnee moteey Anaul (gremric sess) 73 pg/m® 0 s’
Mhin’ 240 pg'm’ 130 pg'm’®
Suilfer enides Acsusl (srithmetic mesn) 80 pg/m’ (0.09 ppm)
Min' 3% pgym’ 014 ppm) —
S - 1300 pg/w® (0.3 ppm)
Carbon meneniden Sm?® 10 mg/m’ (9 ppm) 20 mg/w’ (9 pp)
Thet W mg/m® * (95 ppm) 90 mgiw’ ° (35 ppm)
Nisrogen dionide Aasunl (arihanetric mean) 100 pg/'w’ (9.00 ppm) 100 pgyw’ (0.93 gpm)
Cusne thet 20 pg/w’ (0.92 ppm) 40 pg/w’ (9.12 ppm)
Nyrossbons =~ SnSwdem) 200 pg/m’® (0.2¢ ppm) 100 pg’ (0.2¢ ppm)
Lasd ' 3 o 1.5 pgm® 1.9 ppym®
P e et B
'h.h-‘-l - e
Source: Council on Environmental Quality. 1 [ 11
Washington, 0.C.: VU.S. Government Pr ~ ce, p. 23,
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discharge pollutants. Permits to operate often include the specification of
discharge limits from stationary sources, the specification of production
processes (technology), and the specification of the quality of imput me-
terials to production.

The second element includes & mitoria and gfw program to ensure
that the sources comply with ORS Spec n the permit; various
types of economic incentives, such as tax credits, low interest rate loans,
rapid depreciation for investment in “air pollution control® factlities, and
penalties for moncompliiance. Conceptually, the regulatory structure of the

CAA is driven by the objective of achieving the NAAQS.

The CAA 1s based upon a "commend and control® regulatory approach. It pre-
scribes discharge requirements on a point source basis. The administrative,
monitoring and surveillance costs of this approsch are relatively high., For
example, a petroleum refinery may contain & combination of point sources
including 8,000 valves, 24,000 flanges, 450 pwps, 50 process drains and three
flares, each with its own abatement requirements. The prescription of control
requirements to this level disregards the skill and enterprise incentives of 2
facility manager and other decision-makers in fashioning approaches that meet
atr quality requirements in the most cost-effective manner.

Other shortcamings have been observed in inplementing the CAA. First, the air
quality management information base is both limited and often Inconsistent.
Second, the monitoring and inspection of facilities has Deen insufficient.
Third, agencies have tended to provide meager guidance in selecting the most
appropriate pollution control equipment. Fourth, the present r:,u atery
framework does not serve to facilitate the development and use fnnovative
control technologies. Lastly, the use of legal sanctions to bring violators
tato compliance has not been effective.

It 1s not entirely surprising, therefore, that the effectivensss of the
current regulatory approach to afr pollution control has been criticized.
Critics have claimed that not only do costs exceed benefits, but capital has
baen diverted from more productive investments, productivity has been reduced,
and imnovation has been stified.

3.0 EMISSIONS TRADING

The EPA Emissions Trading Program represents a practical approach to solving
the afr quality problems 1n terms of economic benefit.® Emfissions Trading

sets an absolute limitation on the quantity of specific pellutants :-m

in the atmosphere Tor a region. The mmount of pollution allewsble by Yndividual
facilities in the region is fixed by parmits-to-eperste. Once these discharge
Timitations are set, the Emissions Trading Program allows axisting factitties
to trade among thamselves--based on which dischargers can achieve the most

*4.5. Environmental Pretaction Agency. “Emissions Trading Policy Statement:
General Principals for Crestton, Benking, and Use of Bnission Reduction
fefers) Segister, Voi. 48, Mo, 170, Aupust 31, 1963, pp. 29800-

Credits.”
39506,
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cost-effective reduction in their discharges. This means that some facilitfies
m‘mtrﬂ‘nn than others while the region as a whole meets its ambient atr
qua goai.

A trading system in discharge permits represents the natursl evoluttion of such
innovative administrative procedures as the bubble, offsets, and banking--
developed by EPA {n response to increased understanding of air quality manage-
ment and the limitations of current regulatory apprdaches.

The budbble policy allows variation, instead of requiring uniformity in pollu-
tion co_n!"ro‘s among points of discharge within a single industrial process
provided that overall regional air quality goals are metntained.

The offset policy allows the owner of a new plant to operate provided that it
obtalns oqn!nhnt reductions in the discharges of pollutants from owner(s) of
existing plants.

Banking, the most recent EPA program, allows suppliers of discharge reductions

to receive “credit” for those reductions, The “credits” may be used (or sold)

later and can gllow the user to exceed otherwise prohibited applicable stan-

dards. The Emissions Trading Program consolidates the bubble and offset

procedures in a singie transactional instrument called an Emission Reduction

Credit (ERC). The creation of the ERC 13 Vimited to reductions by existing 1
dischargers below minimum requirements. Traders are required to demonstrate ‘
equivalent asbient effects from transactions in ERCs.

The U.S. EPA has estimated that the savings from approved and proposed bubdbles
con be over $200 millfon (see Tadle 2 for a 1istiag of budble applications by
industrial cstegory). The EPA has further estimeted that the totsl savings
from all bubbles approved, proposed, or under development to date can be over
$700 af)lion. For example, by changing fuels, the Narragansett Electric

of Rhode I1sland achieved an anmual savings of $3 million while re-
ducing discharges of sulfur dioxide by 39 percent below requirements. A
change in control has been reported to save Armco Steel in Riddletown, Ohfo,
$10-14 million in capital costs for equipment to control particulates and $2.5
aillton in annual operating costs. Table 3 provides a listing of cost savings
of several approved bubbles.

4.0 CASE STWDIES

In sesking te explere the application of Emissions Trading teo DeD imstalla-
tions, three case studies are offered. Two deal with attampts te wtilize
Entfsstons Trading ot Dobd installatiens; the first tavolves attempts te ceatrol
Nitrogen Onide enissions frem jot test cells ot Lemoore MAS in Califeraia, and
the stcond desls with the use of Enissions Trading te control particulates
fren botlor operetions at the Nerfelk Maval $h in Virginia. The thirg
cose Stuly doss net address & specific Bed instellatien, but & Tri-Service
offert directed toward doveloping emfssions trading guidence.®
)

WRUSF Cise STulTel covld concaivedly have been adéressed, ¢.g., excess contrels
ot fcClellan AP in Califermta., Ve belfeve, hawever, thet case studies
selected best filustrate valusble lessens to be lesrnad frem applytng Ontssiens

Trading to Dod fnstallations.




) TABLE 2, BUBBLE APPLICATIONS BY INDUSTRIAL CATEGORY

Change in trol Pmua Change Fuel Switch
Type of Industry . TSP !U'z' Total

. 1ron Steel 7 7
Other Metals,
fncluding Cement ¢
Chemical Mfg
. Utilities 1
' Gresnhouse
Coating - paper,
tape, wire 2 2
, Coating - cans,
! appliances, autos 1
: Distillery
¥ Pulp and Paper
. Tires and Plastic
Glass
Other

| Total 11
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vOC = Volatile Organic Compounds, hydrocarbons that react with to form photo-
chamica) oxidant, also called ozone (03). TSP = Total Suspended Particulates.
S0y = Sulfur Dioxide.

BN e e e m

U.S. Environmental Protection Agency. EPA lists 33 approved bubble
transactions as of September 20, 1983. Severs) did mot fit withia the
(3 fes sbove, ¢.§., tuuu-&nry Internstional, Lake Cownty, .10.

{avolved & solvent 1§ anrium!m .
Electric amd Dorden z:uals in h. . ml‘v:d' hc:
or lessed from other dischargers lond, Tempe,

loride, ond §.5. Steel, MI.M County, mn-m.. favelved ERCs
created from shutdowns. EPA has aot provided a final ruling on the
Wm\'v of ERCs created from production curtailasats or plont
8 .




TABLE 3.

REPRESENTATIVE CONTROL COST SAVINGS FROM
APPROVED BUBBLE TRANSACTIONS

o

Industrial ’

Fim Category Type of ERC Cost Savings
n Tape and Process change $3 milifon capital,
Bristol, PA packaging yoC $1.2 million annual

operating costs

Kentucky Utflities Electric Change in control $1.3 millton annval
Nuhlenberg, KY Utility operating costs
Ganeral Motors Foundry Change in control $12 million capital
Deffance County, ON TSP
National Steel Integrated Change in control $30 mi11ion capital
Corp., Weirton, WV steel TSP
U.S. Steel Integrated Change {n contral $27 million capital
Fairless Hilis, PA stee TSP
J.H. Thompson Greenhouse Fuel switch $100,000/yr operating
Kennett Square, PA
Scott Paper Co. Paper will Fuel switch $220,000/yr operating
Chester, PA

Source: U.S. Environmental Protection Agency.
Trading Activity,” Memorandum, November 8, 1983,

“Status Report on Emissions
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4.1 Lemoore MNaval Air Station

The Lemoore Naval Afr Station (MAS) 1s located in central Catifornia near
Hanford, California. The local air quality agency is the Kings County Alr
Pollution Control District. Implementation of the amissions trading concept
focused on emissions fram Test Cell 43 for the performance verification of the
FA04 aircraft engine at the NAS.

The central issues associated with this case emerged in the course of an
initfal review by the District, viz., possible exceedence of the District's
200 pounds per day New Source Review offset threshold for Nitrogen Oxides.

On April 2, 1982, the District 1ssued a Conditional Permit requiring the NAS
to identify offsets.* Approval conditions included offsets at a2 ratio of
1.2:1 1f Lemoore tested one or more FAOA afrcraft engine per day. Upon
receipt of additiona) data, the District would determine whether emissions are
less than the threshold offset.

In March 1983, Lemoore provided test run data to the District. The estimated
NOX emisstons were 209.8 pounds per day; this exceeded the offset threshold.
This estimate was calculated by the Naval Afr Propulsion Center in Trenton,
New Jersey (see Tables 4 and 5). The letter also specified a number of areas
which must be addressed, i.e., emissions factors for tracking NOX emissions,
and the determination of acceptadle offset sources should conditions arise
which necessitated them (contingency offset requirements).

In an April 5, 1983, letter to Lemoore from the District, the District accepted
an emissions estimate of 130.3 pounds per day of NOX per F404 engine. The
District, however, rejected Lemoore's request for an extension citing Rule

205 (which gives a two-year extension but allows not further extensions).

The Authority to Construct was conditioned upon the following requirements:

*In February 1979, the Ninth Circuit Court of California held that the Federal
Clean Afr Act could regulate the noise, visidble emissions (smoke) and Nitrogen
Dioxide emissions from Nava) jet facilities., Of the jet facilities at 55
fnstallations, there were 295 unabated factlities, 75 jet cells, six sound
suppressors, and four hush houses. In designing compliance, a mmber of
options were included, viz., specific design of the engine, level of engine
maintenance, 1ntegrity of performance, high temperatures or exhaust, and
high velocities sust. A numbar of additional considerstions, however,
affect specific 1iance decisions, e.g., unabated facilities/sound sup-
pressors creste pollution intensities at ground level, jet cells are deter-
forsted thereby requiring extensive meintensnce, and new/mejor modified
Jot facilities require wet-chamical scrubbers unless offset sources
can faprove local air 11ty of nonattainment regfons. At that time, it
wes recognized thet tional research and development wes needed. A pilot

[ on air 14ty ‘mprovement for NOX offset {rements was recommended
at Alamede »Ym WAS. row




TABLE 4.

BASIC EMISSIONS ESTIMATED BASED ON NAVAL AIR PROPULSION CENTER

FUEL FLOW AND EMISSION FACTORS

Time in Fuel Use Fuel Use Emission Factor NOX

Power Node Lbs/hWr During Time Lbs/1000 1bs Emissions
Mode {(Min) (Gal/Hr) in Mode Fuel (Lbs)
6! 25 623.9 91.48 38.12 1.16 0.30
Fl 20 814.8 { 119.47 39.82 3.00(1) 0.81
IRP 25 8586.9 (1259.08 524.62 25.16 90.02
A8 10 28396.5 (4163.71 693.95 9.22 43,64
L L) " <s 1,77

1AESCO estimated this factor from a plot of fuel use versus reported emissfons
factors by NAPC.

TABLE §.

ADDITIOMAL INCREMENT ADDED TO TABLE 5 EMISSIONS TO ACCOUNT FOR

1800 GAL/ENGINE RUN

Time in Fuel Use Fuel Use Emission Factor NOX
Power  Mode Lbs/Nr During Time Lbs/1000 Vbs Emissions
Wode (Min) (Gal/Nr) in Node Fuel (Lbs)
3 20.5% 623.9 9.48 31.33 1.16 0.26
Fl 20.5% 814.8 ( 119.47 40.92 3.00 0.84
Inr 20,58 8586.9 (1259.08 431.‘3 25.16 74.
L o €= o
<< 1799.99 g<= 209,86

Source:

Control

rict.

I AEE ;51’;";7;}1# o o S R

San Bruno, Californtfa:
Commend, Westers Division, 1 March 1983, p. 2.

U.S. Navy. Letter with Attachments to Kings County Air Pollution
"!u faval Facilities Engtneering
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e Source testing for determining compliance

o Testing of one or more FADA engines may require offsets at a ratio of
1.2:1 per pounds of NOX amitted

The District requested that Lemoore provide a 1ist of potential offsets
following the initial operation of the test cell.

In & June 24, 1983, letter from the District, it was recognized that the
critical issue was pounds of NOX emitted per day and not necessarily the
number of engines tested. The District, therefore, accepted Lemoore's recog-
nized position that actual emissions could be calculated with reasonable
accuracy based upon the cumulative time spent in each power mode using emis-
stons factors., Also accepted was that Lemoore would Jimit emissions of NOX
from the test cells to 200 pounds per day. The District rejected, however,
Lemoore's contentfon that purely manual recording of time spent in each
testing mode would be an acceptable way to monitor emissions.

Subsequently, Lemoore indicated that the monitoring of NOX from test cells
could dbe accomplished by & manually administered system rather than a con-
tinuous system with charting capabiliity. Lemoore also indicated that a pre-
dictive rather than an actual recording system was needed to monfitor the
emissions, Specific guidance from the District was requested concerning the
adequacy of addressing the offset requirements.

As can be seen from the above, extensive consultation was carried out between
the Navy and civilian air pollutfon control officials. As of this writing, a
resolution has not been reached. Lemoore has submitted emission factor data,
offered an alternative monitoring approach, and requested guidance as to
whether conditions permitted approaches other than those which would require
the use of offsets.

4.2 Norfolk Naval Shipyard

The Norfolk Maval Shipyard is located in Portsmouth, Virginfa, withtin the
Hampton Roads Intrastate Air Quality Control Regton. The principal activities
pursued at the Shipyard include overall construction, repair, alterations,
drydocking and outfitting of ships and other weter crafts. Pollutants are
generated by painting, sand and grit blasting, plating, degreasing, metal
forging, and boiler operations.

Activities at the Norfolk Naval Shipyard are aggregated into several land

areas that are separated by various natural and menmade features. The aress

include housing tracts (New Gosport and Stanley Court areas), areas where

ships are latdup for extended periods of time (South and St. Melena's Annex),

;::m:: shipyard services (St. Julfen's Creek Annex), and the main Naval
pyard.

The principa) 1ssue associated with this case study involved emissions frem
botlers. ?:on are 56 boflers located throughout the Shipyard. The types of
fuel burned include natural gas, distillate and residyal ofl, and refuse. The

boflers provide steam for process equipment tpment test! generet
electricity and space heating. o » o0 " »




Eight of these boilers are the subject of this case study. They exceeded the
Commonwealth of Virginia's particulate emissions limits. In particular, the
Main Steam and Power Plant, Building 174, exceeded air standards by approxi-
mately 60 percent, and the Salvage Fuel Fired Bofler Plant, Building 1460,
exceeded emissions 1imits by up to 90 percent.

The Main Steam and Power Plant conststs of six botlers and was constructed
between 1939 and 1944. Particulate emissions were controlled by large dia-
meter cyclones. The Salvage Fired Fuel Bofler Plant consists of two water
wall boflers completed in 1977 and burned refuse, as received, on reciprocating
grates. Particulate emissions were controlled by a single field electrostatic
precipitater,

During 1979, studies were performed tn order to devise corrective actions. It
was found that because the efficiency of the Main Steam Plant's boilers had
deteriorated to an estimated 70 percent; unburned carbon made up approxi-
mately 60 percent of the particulates being emitted from the stack, Due to
the age of the plant and preliminary stack emission results, final compliance
with v1r?1nh Atr Pollution standards could not be guaranteed. The Salvage
Fuel Bofler’'s electrostatic precipitator was found to be deficient in removal
efficiencies due to several factors, e.g., power levels, size of the unit,
spark rate control and transformer/rectifier controls, In order to achieve
emission levels speciffed in 1ts permit, 1t was recommended that a new elec-
trostatic precipitator be installed upstream of the existing one.

The cost of these corrective items was estimated to be approximately $6
millfon for the Main Steam Plant and $2.6 million for the Salvage Fuel Fired
Botler Plant (see Table 6). For the Main Steam Plant, approximately $2.6
millton was for the repair and improvement of boiler efficiency. Because the
Virginfa Afr Pollution Control Board wished that this facility be brought into
compliance as rapidly as possible, it was determined that $3.7 million be
tncluded for an electrostatic precipitator.

While these factors were being considered, several events took Elaco which
crested a favorable situation for the appitcation of a "bubble.” First, plans
associated with a regional Trash Burning Plant had been finalized; Shipyard
officials became skeptical about spending $8.9 milliion for bringing facilities
into compliance when these facilities would be replaced within a few years.
Second, the Virginta Afr Pollution Control Board determined that salvage fuel
fired boflers were not incinerators; the standard that would have to be met,
therefore, was the Virginfa regulation for existing bdotlers, Finally, the
Virginta Atr Pollution Control Board promulgated their Bubble Policy in
January 1980 and suggested an allocation of allowed particulates emissions.

Nith this in mind, four bubbles were formed arcund the Shipyard. One was over

the mafn Shipyard for the stationary-permanent botlers; another was formed for :
the stationary-portable botlers; a third bubble wes formed for the South Annex
boilers; and finally a bubble was developed for the remote housing site i
botlers. This approach allowed the Main Steam Plant to come iato compltiance £
while not baing required to install an electrostatic precipitator; the savings 5
due to this bubble was estimated to be approximately $3.7 million. The L
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TABLE 6. ESTIMATED COSTS FOR CORRECTIVE ITEMS FOR THE MAIN STEAM
PLANT AND SALVAGE FUEL FIRED BOILER PLANT

Item Cost(1)

Main Steam and Power Plant

Repair Combustion Controls 154,000 .
Replace Dust Collectors 441,000
Repair Breeching 673,000
“y Rehabilitate Boiler No. 10 421,000
Replace Oxygen Meters 15,000
Rehadilitate Botler No. 11 722,000
Aedt270me] PoTtutfon Control Davi 3,700,000 v
Additional Pollution Contro vice .
; 5,332,000 ;
Salvage Fuel Fired Boiler Plant :
Repairs to Electrostatic Precipitator 110,000 ;
Construct New Mult{i-Cyclones 300,000 3
Install Opacity Meters 15,000 ‘
Additional Electrostatic Precipitators 2,200,000 ¥
» ?

lEstiutod costs expressed in 1982 dollars.

Source: Thompson, Charles. lication of the Bubbdle C
Sources at a Nava) stria o ston, Texas: Fow
sTum on ransfer zation of Particulate Control
Technology, October 1982, pp. unnumbered.
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Salvage Fuel Fired Boiler compliance involved upgrading the existing electro-
static precipitator and installing a precleaning sulti-cyclone; this repre-
sented a savings estimated at $2.2 million. The total savings estimated to be
realized from the application of the bubble concept was spproximately $5.9
million fn capital costs and approximately $55,000 fn annual operating costs.

Subsequently, performance testing of the Main Steam and Power Plant and the
Salvage Fuel Fired Botler indicated new problems; it was concluded that the
bubble would not be required for the Main Steam Plant in order to achieve
compliance. Furthermore, performance of the new multf-cyclones and upgreded
precipitators at the Salvage Fuel Fired Boiler was far less satisfactory than
anticipated. As a consequence, & new bubble will have to be developed.

Even though difficuities were encountered in terms of equipment performance, 8
potential cost savi was demonstrated through the use of the bubble concept
rather than the usual “command and control® atr quality approach. This was
not done, however, without the generation of appropriate emissions data, the
carrying out of performance testing, and balancing of numerous decisions
assoctated with capital equipment acquisition and rehabilitation. Finally,
the development of an appropriate regulatory mechanism greatly facilitated the
application of the bubble concept at this installation.

4.3 Tri-Service Emissions Trading Project

This case study is quite different from the above two in that it does not
involve a specific facility to which emissions trading was applied or 1s being
tried., Instead, it involves all three Services of the U.S. Department of
Defense in sesking to develop emissions trading guidance and the formation of
an organfzational users group.

The effort was first funded in 1979 by the U.S. Navy, Naval Facilities Engi-
neering Command (NAVFAC). Work was centered at the Naval Surface Neapons
Center 1n Dahigren, Virginta, Subsequently, the U.S. Ammy and U.S. Afr Force
joined with NAVFAC in supporting the development of this tri-Service emissions
trading project.

Impetus assocfated with the initfation of this effort involved several fac-
tors, First, many military facilities cannot be readily relocated to other
sites which might afford more favorable circumstances for the control of
pollutants. The Tocation of many military facilities is dictated by mationasl
defense considerations. With this in mind, there was the need to incorporate
a1l potential factors in the plamning of military installations for outreach
years; this involved plamning for envirommental permits and the choice of

ipment. Finally, 1t was concluded that emissions trading offered a poten-
tisl source of cost savings compared to the prevailing command-control afr
pollution approach.

Presently, DoD 1s assisting in the development of an emissions trading guid-
ance mnus). The menus) will provide instruction and guidance te this alterma-
tive atfr pollution centrol approsch, and is intended for use principally by
factlity engineers.
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At the present time, the proposed emissions trading manual wil) address the
following major factors:

o Reasons for utilizing emissions trading

@ Processes allowed for emissions trading tncluding preconstruction
review and permttting, and creating Emissfon Reductions Credits for
future use and planning

o Actual and hypothetical examples of DoD emissfons trades (10-12
examples covering netting, offsetting, bubbles, and banking)

o Procedures for calculating emission increases, emission reductions,
and Emission Reduction Credits (ERCs)

o Technical issues and information concerning key agency contacts,
preconstruction review, modeling, fugitive dust, visibility, and
banking procedures

o Sumarization of state and local regulations
o Documentation and use of emissions trades

Nypothetical examples will be formulated {n terwms of actual potential use,
viz., they will be developed with real issues in mind while not being ap-
plicable to any specific facility. These examples will address the mature of
an operation at » facility and the pollutants generated, the calculation of
emissions and options for control, existing uncontrolled sources of this
pollutant(s) at the facility, the fdentification of strategies and the cal-
culation of costs for each strategy, and factors associated with the selection
of one control strategy over amother.

The manual will emphasize achieving campliance at the minimum cost, and the
comparison of central options in terms of cost and benefits. Appendices wil)
cover the history of emfssions trading, applicadle policy statements, infor-
mation sources, and other reference materials.

The emissions trading menual fs scheduled for completion in the summer of
1964. Following the completion of the manual but prior to distributton, a
field evaluation will be performed at vartous DoD installations. Thereafter,
a revised enissions trading menual will be issuad as guidance to the three
Services. Uhen the emissions trading memual 1s completed, 1t 1s planned that
8 Tri-Service Users Group will be formed to coordinate and facilitate trades
mong facilities sssoctated with the respective DoD Services.

This effort s an important step 1n developing emissions trading
u:liuﬂm ‘m('h the one ::‘ui'u’muﬁ:;s an effort ::n
raise swarensss sbout alte ve approac alr qua Ranagement
hold the promise of real cost savings. On the other hand, it also provides
guidance on the way to carry eut an emfssions trade.




Seyond these fmmediate program development and implementation steps, the Tri-
Services Emissions Trading Program represents an important effort in areas
where the CAA has been only marginally successful. Specifically, this in-
volves the incorporation of pollution controls into the decision-making
process and the encouragement of technological fmnovation. In the civilian
sector, business decision-makers have fregquently been reluctant to try new
technologies for controlling pollutants, perticularly since it mey be rela-
tively unknown {f these technologies would impede the memufacturing or pro-
duction process.

DoD Services perform planning for owtreach years, viz., up to seven years in
the future., As such, it can be determined wall {n advance when environmental
pemmits will be required. Emissions trading readily fits into this advanced
plasning process by identifying tangible cost savings among equipment choice.
Nith this advanced knowledge of control equipment needs, innovative techemol-
ogies can be developed in order to meet air pollution contrel requfrements.
It can be seen, therefore, emissions trading not only fits in well with DodD
planning and the meeting of CAA requirements, but also might lead to the
development of innovative control technologies. In this regard, the Tri-
Services Emissions Trading Project may provide valuable lessons to civiltian
Federal agencies and the private sector.

5.0 CONCLUSIONS

Based upon our analysis of the above installation-specific case studies, we
conclude that limfted application has been achieved by DoD installations in
using Emissions Trading as an alternative to the "command-control® approach.
While the Norfolk Shipyard case study demonstrated that hypothetical cost
savings were possible, these have yet to be realized because of the occurrence
of equipment performance faflures. In the case of Lemoore NAS, no definfte
conclusion can be offered with regard to the operation of the Emissions Trade
by virtue of the fact that the decision-making process has yet to run its full
course. .

With regard to both Lemoore NAS and the Norfolk Naval Shipyard, it is quite
clear that prolonged and extensive negotiations ware encountered in seeking to
complete an Emissions Trade. This required the gathering and analysis of
d:ta; the exploration of feasfble trade candidates, and the process of mego-
tiation.

Both Lemoore and Norfolk demonstrate, however, that Emissions Trading s
facilitated, in the first instance, by the existence of a rule or policy that
allows grester flexibility tn meeting perwmit requirements than has been the
case wnder the "command-control” approsch. Beyond this initial impetus, w
have seen that participants in the umm-uu:, process sust be knowledge-
able in the possibilities for pollutant control offered by Emfssions Trading
and myst, fn addition, have all the necessary emissions and control dats
available in order to realize these possibilities.

These factors confirm the faportance of the current Tri-Service Emissions
Trading Project. Through the review of the guidance mamsal that 1s preseatly
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beting devel » personne) at DoD installations can become more familiar with
the technical issues assocliated with successfully completing an Emissions
Trade. The guidance manua) will also raise the awareness of !cnoml con-
cerning feasidle alternatives to the current “command-control® air pollution
approach such that real cost savings can be realfzed. In completing this
guidance sanua), however, i1t 1s necessary that substantial attention be patd
to the differences among the Services both with regard to their activities and
the nature of their respective organizations; {f this ts not done, then the
sanual will only be of gensral interest.

The Tri-Services Emissions Trading Project alsc offers a unique opportunity in
an important srea where achievement has eluded civilian agencies up to this
time, viz., fostering the use of fanovative technologies for the control of
air pollutants. By incorporating Emissions Trading into the planning process
for outreach years, pollution control issues can be tdenttified well in advance
of the filing of a permit; this can allow for the consideration of new control
techniques that are potentially more effective and efficient. If this poten-
ttal 1s fulfilled, then the use of Emission Trading within the planning
process will be a bemefit to DoD and provide a constructive example to civil-
{an agencies and the private sector.

On the whole, we conclude that efforts to incorporate Emissions Trading into
the DoD planning process will be important as the future development of this
system takes place. As the Lemoore and Norfolk case studies {llustrate,
however, actual successes at the installation level thus far have been limited
for varfous reasons. With this in wind, we suggest that Emissions Trading be

approached cautiously, viz., on a case-by-case basts, until the Tri-Services
Emissions Trading Project has been fully developed and tested.
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COMPATABLE GOALS 1 DEFENSE AND ENVIKUNMENTAL PROTECT1O0M
Edward R. Clark

bupnﬂ:unt of the Army
US Army Chemical and Military Police Centers
and Fort McClellan
Environmental Management Office
Fort McClellan, Alabama 36205

AD-P004 137

(205) 238-3019/3758

It 1s an honor ror Fort McClellan to present this paper to
this prestigious group dedicated to peace and security. We hope
to show how our environmental program at Fort McClellan is not
only compatible with that goal, but an adiunct to that goal. We
believe that Fort McClellan 13 symbolic of the Army s environmen-
tal progranm.

Located adijacent to the city of Anniston, Alabama and in the
foothills ot the Appalachians, Fort McClelian is 80 miles West of
Atlanta. Georgia and 60 miles East of Birmingham, Alabama.

The terrain of Fort McClellan generally is mountainous rang-
ing from 305 to 632 meters above sea level. The valley in which
the cantonment lies is in an area spotted with rolling hills
through which small creeks run through the year. These creeks
are ted by springs flowing from underlying limestone strata.

Scattered throughout the area are natural wetlands that provide -

spawming grounds and habitats for fish and wildlife as well as
flood control.

- The climate. area and character of Fort NcClellan sake 1t
one Of the most picturesque training sites in the United States
and has led to its deing called the "military Showplace of the
South. " .

Port McClellan is the home of two major Army echools. Our
prinmary sission is to house and support the training of soldfers.
This includes entry level and advanced training for soldiers ia
nuclear, biological and chemnical detense, initial entry level amd
professional training of Military Police and selected personnel
of the dNavy, Air Force, Marine Corps and MATO. 7The secondary
mission of Port McClellan 1s ‘the training of the U8 Aewmy
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Ro::rv{h. National Guard and Reserve Officer’'s Training Corps
units.

X Port McClellan' consists of three main bodies of Covernasent-
owned leased land. The main installation is 7,570 hectares.
Pelhan hnqo which 1is used for both live fire weapons and
maneuver: training, is 8,898 hectares. and the leased Choccolocco
Corridor, which provides additional training areas, is 1,795 hec-
tares. Q{ a trustee of 18,400 hectares in the Appalachian
foothills, Fort McClellan goals are to properly

resources
that cn renewable and conserve those that are not. a;\o% kot q o o\ 1< 4

Further, wve alsodstrive to reduce the environmentai -insult-
that 18 so common when man manipulates the natural environment 1in
pursuit of commonly held needs and values. These broad goals
have been developed during the maturation stage of our environ-
mental progras and have been finely honed into five specific
‘Ybjectives:s

— i e
1. To provide environmental education to the widest of
audiences \nth tho subject uttor unoud to the A\ﬂi:{l_tfy

dz. Prevent material from entcunq m waste stream. Any-
thing ontou_ng_fho mu strean will be recycled 1if pouune.

qs. Actively mk n nro—duchcrqo tnsulutton and saintain
surface water to the same goaod bilological quality as the sater
entering the installation.

L)4. c;;;o’r;o touu tuol snergy to the highest doqru possi-
ble to reduce the degrading effect of the natural environment.
Further, this recognition is vital to a msobile Army whose readi-
ness is intensely touu fuel dcpon«nc.

C\"‘s Preserve ehc hutoriul chluctor and the cultural
résources on Fort McClellan lands

To susmarise the basic tenants of our program, environmental ’

education is the cornerstone that provides support to all our
environmental activities. Through this educational eprocess, we
aust fapart an increased awareness of the rvelationship of our
enviromment to our oun wirare. Through an intensely managed edu-
cation progran the Environaental 0ffice has a direct effect on
every age group and all disciplines.

An integral part o¢ this "°K.- is an outdoor classroom at
the Poat EKlemsntary ough use of this classroom,
teachers have gained an merouu ability and confidence to teach
environmental systems. Fort NMNcClellan has set aside a 80 plus
mm'msmsmm for the use of local

Mmg m bcm s :u;” and l:cr
“ -
sonville Btate University.
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At Fort McClellan, the Environmental Management Office is
the central coordinator for Mational Environmental Policy Act
implementation and compliance. The Environmental Management
Office aids the project proponet in development of necessary
environmental documentation. For the past five years, the
installation has been accumulating data so that adequate assess-
ments and statements can be prepared in a timely manner,

It 18 our contention that NEPA did not intend for agencies
to develop reams of paper in analysis of the environment. We
believe the intention of NEPA is to quickly get to the point of
conflict between the proposed project and the affected environ-
ment. Therefore, we extensively use the 28 categorical exclu-
sions developed by the Department of the Army. The US Aray
Training and Doctrine Command Form 161-R provides & quick, con-
cise aethod to insure consideration of the atfected environment
without lengthy paperwork.

There are times the categoricai exclusions do not (it the
project. Using a mnmulti-disciplined approach, Fort McClellan
coordinated the Environmental Assessment entitled, “Proposal To
Construct A <Chemical Decontamination Training Facility". We
invited the U.8. Aramy Cheaical School to discuss the concept with
the Battelle Memorial Institute, the Alabama Department of
Environmental Management Chiefs of Air, HWater and Hazardous Waste
and the Jacksonville State University Archaeclogist. Through
this meeting, we defined the issues involved, and Battalle began
to develop a desian concept. Hith the concept developed and the
potential environmental impacts {identified, we published our
Environmental Assessment in the Federal Register, because of
potential national concern.

: The Fort McClellan Public Affairs Office arranged TV, radio
and newspaper interviews to fully discuss the project locally.
At the end of 30 days, we held a meeting at Fort McClellan that
included the Poat Staff, the Mobile District Corps of Engineers,
Battelle, EPA Region 1V Offices of Water, Air, Federal Facility

Coordinator, the Alabama Department of Environmental Management .

Offices of Air, Hazardous Waste and Hater. The Calhoun County,
Health Department, and the City of Anniston. There was a candid
exchange of views; everyone agreed it was a proper but daring way
to discuss a project.

Through this process & dialogue was established with the
community, the proponent and the regulatory agencies. The result
of this effort is a project that has gone through 90% design with
no public objections or unfavorable interagency comment. NEPA
hna’zzznr bampered our military mission nor slowed any of our
pro 8. .

. NEPA moans good planning, and this is where conflict resolu-
tion wmust begin. For example, it 18 obviously an expensive bur-
den to conduct site-specific archasoclogical surveys for eve

project. Our solution was to develop a model that could predi
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the likelihood ot significant archaeological data. We contracted

with the University of. Alabama to survey 30 random grid squares.,

From this survey we can predict what may be found on the
remainder of our 18,000 hectares. For those sites with a high
probability of containing significant archaeological data, a
specific site survey will be conducted by the Professor of
Archaeology from Jacksonville State University.

The problem with NEPA is this: the acquisition, sanagement
and analysis of environmental data at Army Facilities is diffi-
cult, given the time constraints placed on the analyst and the
resources available. To {improve the data base and etficiently
manage and analyze environmental data within these constraints,
Fort McClellan, in conjunction with the US Army Construction
Engineering Research Lab, has purchased a aicrocomputer system.
This system has many environmental management tools already
incorporated in a pilot mode. The 16 bit nmicroprocessor will
support multi-terminal use, ie., Environmental Coordinator, Mas-
ter Planner, Forester and Land Manager. The data has been loaded
by the US Army Construction Engineering Research Lab. 8ome of
the data already digitized is Geology., Archaeology, Soils and
Wetlands. Through the efficient use of technology, the
decision-maker will have more exact data upon which to make cru-
cial decisions, affecting our environment without being con-
strained by labor-intensive methods.

With 18,400 hectares and 17,000 individuals responding to
the environment, we have had our problems and will continue to
have problems. The handling of waste motor oil presents dispro-
portionate problems to both operators and the environaent. jhen
spills occur, the cumulative effect often belies its significance
in the eyes of the operator. Additionally, this represents an
wwsual économic burden for the requirement to clean-up the small
spill. WHithout due recognition and appropriate response, the
small spill can becoms the nemesis of any large organization.

In 1982, Fort McClellan awarded a contract to install under- -

grm waste 01l storage tanks at all oil-using tacilities.
ound tanks will aininise potential spilis. The estorage

o1l -tou.o tanks,
thue precluding the probability cl the seall spill. Quarterly
testing of underground tanks vill reveal leakage. Yearly, a com-
tract will be iet to sel)l the acoumulated oi).

In an eftort to identify and M wotlands,
intfrared m was osmpleted in 1979,
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series of studies will be used by Fort McCleilan for an ongoing
effort to protect the wetlands.

The installation sanitary landfill has had a turbulent his-
tory. In 1979, the Alabama Department of Public Health
threatened to close the facility. This had the potential of dis-

rupting the military mission of the installation. Fort McClellan '

contracted with the Alabama Ueologic Survey to assess potential
alternative sites.

Based on the findings, Fort McClellan requested Army pollu-
tion abatement funds to relocate the landfill to an environmen-
tally acceptable site. Coordination was accomplished with the
Solid MKWaste Division of Alabama Department of Public Health and
preliminary approval was granted for the new site. Contractors
drilled test wells and the site was found to have shallow bedrock
and water. Etforts to upgrade the existing site were producing
good results, but investigations for a new site continued.

In 1980, The State of Alabama was sufficiently impressed
with the corrections at the existing site to issue an operating
perait. That same year, Alabama Geological Survey 1located an
acceptable, but small site for future landfill use. Due to the
acceptability of corrective actions, current plans are to con-
tinue use of the existing landftill and hold the new site identi-
fied by Alabama Geological Survey for future use. In retrospect,
the computer discussed earlier could expedite the search for an
alternative site.

Fort McClellan 1is currently working with the Corps of
Engineers on the acceptability of a solid waste incinerator. If
the incinerator proves to be effective, the project will greatly
reduce the amount of refuse entering the new smaller nite. while
providing an enerqgy source for the instaliation.

. The generation and handling of hazardous waste 1is another
problea. If hazardous wastes cannot be disposed of on the
installation, then an environaentally designed hazardous waste
storage facility 4s the cornerstone of management. With such a
facility, hasardous wastes are manageable.

Port McClellan has constructed one haszsardous waste storage
facility for PCBs and a second building is programmed for FY 84.
However, current thought within the defense community calls for
:h.“g::onsc Logistics Agency to build a hazardous waste storage

ac es.

in June 1983 Fort McClellan sponsorsd an on-site oil and
hasardous saterial handling storage and spill class for users,
operators and sanagers. The education of these groups should
reduce the spill potential throughout the installation.

.One of the lareest potential comtributors of tomic chemicals
into the environment has traditionally been from Pest Control

3




voperations, Implementation or an integrated pest maonagewent pro-
gran not only signiricantly reduces thc amouunt of chemicals used
to control pests, but also dramatically incrcases the efficiency
and ettectiveness ot a pest management program. [In 1981, a pro-
fessional Entomologist a3 assigned to the Pest Contro) Section,
Directorate ot kngineerina and Housing. He was the tirst protes-
sional Entomoloaist employed at Fort HcClellan, The existing
pest management program was then expanded to include tornal
inspections ot dining tacilities, service clubs aud other fcod
establisisients to ascertain pest populations., Pesticides are &
short term treaticnt ror the symptoms, not a long term cure for
the discasec.

Primary emphasis has becn pluced on increasced sanitation and
eliwination of harborages throwgh structural noditication. All
wooden storage shelves have been removed from dining tracilities
and replaced with movable stainiess steel shelves. When pesti-
cides cre used, appropriate dosaqges and advanced application pro-
cedures reduce envaronaental insult.

The incrcased emphasis on ecducation, better sanitation,
elimination of harboradcs and increasced training for Pest Con-
trollers have led to A more ettective, less labor and spray-
intensive pect nanagement program, Fersommel who handle or
dispense pesticides or herbicides are trained and re-certified
bi-annually.

A pesticide wastc water tacility was procured in 1982 as a
kesearch and Development project through the US Aruwy Bio-HMedical
kesearch and Development Laboratory at Fort Dietrich, Maryland.
The concept 1s to recycle pesticide waste water through carbon
columns and use that water as a diluent, The system is expected
to reduce the pesticide residues entering the stora sewer system.

In the U.S. alonec, so1l is being eroded at the rate of
202.94 tons per second. In cooperation with the US Soil Conser-
vation Service and using the universal soil loss equation, Fort
McClellan documented the average loss of 280 tons of soil per
year on unvegetated silopes. Steep slopes, easily erodable soils,
intense raintall and other natural man-made conditions have com-
bined to cause 8011 erosion probiems at Fort McClellan. This
represents loss of training lands and leas paramount concern to
both environmentalists and military planners.

In 1982, the Environmental Management Ottice contracted to
have 37 critically eroding acres hydroseeded, Although
hydroseoding is not a new technology, it had never been used at
Fort McClellan. The cost of $1,000 per acre also included exten-
sive reshaping.

After the hydroseeding, again using the universal soil loss
equation, an average of 99.8l% reduction of erosion had beon
realised. These startiing figures prompted an investigation eof
the cost-eftectiveness of purchasing a hydroseeder. Uur cost

——— ae———
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comparisons shoﬁ that an in-house ability to hydroseed will
reduce the cost by 50%. The amortization of the hydroseeder is
2.76 months.

Based on these fiqures., Fort McClellan submitted a request
for fundinqg for a hydroseeder to the TRADUC Quick Return On
Investment Program Coordinator. He received funding in July 1983
and received the hydroseeder in August 1983, We have forwarded
our QRIP documentation to several other installations and hope
they wili be as successtul at combating erosion as we feel we
have. .

There are many environmental problems of a serious nature
that we, as people are faced with. The Department of Defense is
trustee of large and ecologically diverse pubiic lands. HWe nust
do our part in solving the environmental problems related to that
trusteeship. The point of beginning for the problem solving pro-
cess is at the installation level. We well realize the earth is
a planet of finite resources and because of these and many other
equally important factors, it is the responsibility of not only
the installiation, but the individual as well that we attempt to
solve these problems.
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ABSTRACT

-Environmental and energy audits conducted for the Air Force Systems

Command, Aeronautical Systems Division (ASD) by JRB Associates of Mclean,

Virginia resulted in substantial envirommental benefits and identified

opportunities for energy and materisl conservation and recovery. This effort

has allowed ASD to target resources, substantiate funding requests, develop

. remedial strategies and track progress of environmental and emnergy

) management activities. This paper presents a review of the study completed
for ASD in October, 198%

INTRODUCTION

: The concept of conducting envirommental audits to ‘assess regulatory
compliance at industrial facilities has recently been receiving attention by
both govermment and industry. Audits have become popular in direct response

‘ to the array of environmental regulations with which facilities must comply
¢ * and the potential for fines resulting from non-compliance As a preventive
< management tool, environmental audits help to eliminate '"surprises” which

are costly, can damage public imsge, and hinder facility operations.

The Air Force Command (AFSC), Aeronautical Systems Division (ASD),
recognizing the benefits of environmental asudits, embarked on an asudit
program for {ts fifteen (15) Covernment Owned-Contractor Operated (GOCO)

tnduscrial facilties. The principal driving forces behind ASD's decision
included:

o Environmental regulations applicable to GOCO's

o DOD directives which require assessment of compliance

o Public relation impacts on facility operations

o Cost and lisbilities assocfated with envirommental dsmages

The ASD audit progrem went a step further than conventional environ-
mental audits directed at regulstory compliance. They included an investi-
gstion of opportunities for comserving, revsing or recycling material amd
energy resources in industrial plant operations. This additional component

was divected at complying with internal DOD directives and reducing
sxpenditures for anergy and nev raw materials.

»
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o Machining and milling

o Metal surface finishing

o Painting and stripping

o Degreasing and cleaning

o Engine fueling and testing
o Engine overhaul

o General facilfity maintenance

These manufacturing activities involve operations which are subject to
environmental regulation and/or were potential sources of haszard to human
health or the environment. Common envirommental managewent activities at
the fifteen GOCO's, end regulations which cover such activities comsist
primarily of:

o Hazardous waste management (RCRA, CERCLA, State regulstions)

- generation

- transportation

- storage in tanks, contsiners, piles, and surface impoundments
land disposal
incineration

o Air emissions (CAA, state regulations)

o Water dischargea (CWA, stste rvegulations, SPCC)

o PCB use and disposal (TSCA)

o Underground fuel storage (SPCC, state, and local regulations)
APPROACH

In preparation for the reviews of the Air Force industrial plants, a
wethodology was developed which was successfully used for each of the
fifceen industrial reviews. This methodology employed six basic steps,
graphically displayed in Figure 1-2, and summerised below.

Step One: Initisl Beview of Pederal, State and Local Laws and Regulations

To identify regulatory programe applicable to each plant and to
determine compliance requirementa, the initial review bdegan with an
exsmination of Pedersl, state, and local laws and regulations; Air Yorce/De-
partment of Defense directives; sud ERxecutive Orders. The result of this
examination of regulations snd directives wes ths identification of basic
information needed from each facility during the preliminary data scquisi-
tion step to determine its complisnce with regulations or directives. It
also established the basis for cooperatiom with state and local govermments
by identifying all requirements at thoss levels.

S TP







o

Suiuoday pue
uortenea] s

uoNO) TRQ
) PU® MSIA S

usld WHA
S puv Moid
Aupyeq dopaaQ




Step Two: Preliminary Data Acquisition

Acquiring basic information in advance familiarized the audit team with
the plant's operations, thus enabling proper preparation for the site visit.
This proved to be the most cost-effective way to plan the site visit, as it
. helped identify which areas of the facility and/or its operstions required
visual inspection, and where dats gaps existed. As a result of the
acquisition, orgsnisatica, and asnalysis of this i(v‘ormetion, the audit team
prepared a plant profile and site visit plan which siccrrured the site visit
and ensured an efficient, cost-effective on-site review.

Step Three: Develop Fucility Profile and Site Visit Plan

A facility profile and plan for the site visit were developed based on
the information gathered during the preliminary data acquisition step. The -
facility profile included summaries of plant operastions, regulations which ;

applied to these activities, potential problem areas, particular dats gaps E
of areas requiring detailed investigation, listing of iste persommel to be P
intervieved, and waps, figures and descriptions of the facility. The site 4

visit plan served as a guide for the site visit. Together, they allowed the
team to structure and conduct the site visit in an efficient and expedient
manner, with minimum disruption of facility activities.

Step Four: Site Vis.t and Data Collection

The purpose of the site visit was to survey the physical elements and
processes of the facility, to review pertinent records and files, and to
conduct personnel {nterviews with key staff at the facilicy. It salso
allowed members of the tesm to informally observe practices of the facility,
which provided valuable insights into day-to-day plant operations and
management. The compliance profile and site visit plan served as guides for
this on-site review.

The sequence of activities conducted during the site visit included:

1. Introductory briefing.

APV SRR DA SR AN

2. Personnel interviews. : _
3. Record reviews. L

4. Factlity and operations surveys. [ %

5. Exit dbriefing.

This sequence of site visit activities were found to effectively -
collect information needed to evaluate environmental compliance and »
‘potential hasards while keeping facility personnel informed of findings -
throughout the process. :%

8
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Step Five: Data Evaluation and Reporting

A report was prepared for each industrial plant based on an evaluation
of the information gathered in the previous steps. These reports assess
environmental coapliance, additional hazard areas, and identify energy and
resource conservation activities and opportunities. They also serve as a
planning tool for ASD and plant staff to provide for future needs in these

areas.

RESULTS

In October of 1983, ASD cowmpleted envirommental audits for ics fifteen
GOCO facilities and had an opportunity to evaluate the results. In review,
this program met ASD’'s primary objectives which encompassed:

Summary of facility operations
Assessment of envirommental compliance and potential hasard areas

Recommendation of improved environmental management
Identification of opportunities for material and energy conserva-

tion and recovery.

As a result, ASD was able to provide an assessment and opsrational plan
to meet the immediate AF rvequirements specified in AF Direccive 78-22, which
outlined an envirommental and energy program directed at envirommental
compliance, reduction in liabilities and conservation of resources.

0000

In addition to this immediate benefit of their audit program, ASD has
realized & long list of benefits including:

o Improved relations with regulatory agencies

o Improved public relations

Improved compliance with applicable environmental regulations

Better understanding of facility operstions

o Opportunities for significant cost savings through energy and
materials conservation.

ASD is also anticipating experiencing the following benefirs through
continued monitoring of their program:

Greater protection of human heslth and eavironment

Reduced envirormental liabilictes
Reduced costs for clean-up of envirommental contamination

Reduced costs for emergy and raw materials

All of these bemefits of ASD's newly developed program are the direct
result of greater managemsnt understanding and control of emvirommental and
energy operations st the fiftesn QOCO facilities. This has allowed ASD to
fmplement a follow-up program which has ‘as its core the adbility to:

000
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target resources
substantiate funding requests
plan and develop remedial strategies
track progress of activities.

(-2 I - -

Thus, the success of ASD's envirommental and energy audit program has
helped to begin the development of an environmental/energy management
program which is based on two major tensts:

1. Reduction hasards to human health and environment

2. Reduction in expenditures

This course is one being developed with greater frequency across the country
to avoid potential backlashes ss a vesult of f{nadvertant envirommental and

energy mismanagement.

.
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STRATEGIES FOR _PREPARING AND SUBMITTING
A PART B APPLICATION FOR A FACILITY

8y Wayne K. Tusa

As you are all mn.‘m United States Environmental Protection Agency
(EPA) has issued regulations to ensure the protection of human health and
the environment through the appropriate management of hazardous wastes under
Subtitle C of the Resource Conservation and ~llocmm'y Act of 1976 (RCRA).
Those regulations require most facilities that treat, store or dispose of

hazardous waste to obtain a RQIA permit. The application for this permit

consists of two parts, Part A and Part B. Facilities in existence before

November 1980 were required to submit the Part A application by November 19,
1960. These facilities were granted “interim status® under the regulations,
which permits thea to continue operations until final administrative action
is taken on their permit. This requires the submittal of a detafled Part 8
permit application. The permit application must contain sufficient informa-
tion to assure EPA that the facility design, operation and proposed closure
and post-closure plans will satisfy the applicable permitting standards. &

oA

\;/‘
The Agency has called and begun to review several hundred permit app 3

cations in recent months. Close examination of how that process has worked

Wr. Tusa is the Director of the corporate office of Fred C. Hart Associates,
Inc. in New York City, located at 530 Fifth Avenve, New York, New York

10036, (212-840-3990).
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to date has provided important clues with respect to stream)ining the re-
ceipt of a Part B permit for any faciVity currently preparing a permit or
expecting to be called. The purpose of this presentation is to provide a
brief summary of the contents of a Part B application, to identify the major
goals which should be held by the applicant and the perwmit writers and to
provide some insights on the lessons learned so far in the Part B process.

Requlations and Applicant's Goals

To put the following comments in context, it is necessary to understand
in general what the regulators’' goals are in reviewing the permit spplica-
tion and in preparing and issuing a facility permit. As well, in retro-
spect, it is of interest to understand the most appropriate set of goals
which should be adopted by the applicant in preparing the permit application
and in completing the application public record. For the permit writer or
regulator, the goals are quite clear:

°  To assure that all prescribed information i; provided

® Yo assess whether the site will release hazardous compounds in

concentrations that mi hare humen health or the environment or
which aight violate applicable standards

®  To ascertain apparent level of compliance and the overall re-

m{dﬁcam to the RCRA program implemented to date by the

®  To select the most appropriate set of general and specific perwit
conditions required based upon the informetion provided

The applicant's goals are less clesar and can be more flexible. In
genera), however, the applicant shoud seek: '

IR W’ _m;{_%ﬁwﬁ_w%*,
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e To submft all necessary information

b To demonstrate compliance with all applicable regulations

® 7o provide substantial documentation defining the level of hazard-
ous releases that aight occur and the rvlative risks associated
with those releases

. To Teave the iapression that a comprehensive well managed program
is and has been in place

o ;o provide the data in a highly professional and well organized
ormat

. To provide an adequate level of detafl to result in favorable
decisions by EPA permit reviewers fn those areas subject to "best

engineering judgment"
b To sinimfze compliiance costs over the 1ife of the permit

hd To prepare a document suitable for pwdlic consumption for those
portions of the permit not covered by a claim of confidentiality

| {al Complications Associa Wi Factlftt
Preparation of the Part B application for a DOD facility can be more

complicated and time consuming then & similar permit application for a
privately ownedifacility for a mmber of reasons.

First of all, 000 faciitties tend to be large and complex. The hazard-
ous waste management system itself say also be extensive and complicated.
Consequently, the data guthering and procedures iaplementation tasks may be
complicated. This may held true even at finstallations having only rela-
tively simple perwmitting requirements, such as an installation having stor-
age facilities only, since the entire on-site waste management system needs
to be described as background material.
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A second issue may relate to the division of hazardous waste responsi-

bilities at the installation. Different activities and different tenants
result in differences in day-to-day operations, thus complicating data
collection and the development of consistent managesent procedures to which
the applicant can commit to in the perait appliication.

Another issue relates to obtaining timely support up through the chain-
of-command. This can be particularly frustrating if the intent of the
application is not wel) understood by management personnel and consequently,
either adequate resources are not made available or decisfons on key issues
are not made in a timely manner. For example, in our experience, it is not
uncommon to find, in both the public and private sectors, in the data collec-
tion process that procedures in place during the interim status period are
not likely to be adequate under Part 264 regulations. This requires the
definition of appropriate procedures and the description of these procedures
in the appropriate segment of the application, all of which cannot be expedi-
tiously completed if timely decisions are not made.

A similar issue relgtes to the budgeting process. Ildeally, when any
applicant submits the Part 8 appification, there should be no outstanding
areas of non-compliance. [f during the course of preparation of the appli-
cation, it is determined that specific capital expenditures are required, it
may be difficult to complete the design, budgeting and construction process
with the generally limited time available to complets the Part B applica-
tion. '
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A last issue relates to the types of activities that commonly occur at
00D facilities. It is generally quite clear that EPA's regulations were not
written with 000 type installations in mind. There are a variety of rea-
sonably common operations that occur at DOD installations which are not or
are only partially covered by the EPA regulations. Typical exsmples include
popping furnaces and open burning.

Contents of a Part B Application

A typical Part B application would include the following:

Part A Application

Facility Description

Waste Characteristics

Process Information

Monitoring Systemss

Procedures to Prevent Hazards

Contingency Plan

Personne) Training

Closure Plans, Post-Closure Plans, Financial Requirements
Other Federal Laws

=~ xXT O P"Mm O O ® >

Other sections that aight be included are:

K. Evaluation of Potential Emissions
L.  Suggested Permit Conditions
M. Compliance Checklist




’ Lessons Learned

In that context one can begin to identify some of the key lessons that
have been learned to date by the involved parties. Perhaps the first of
these relates to how one gets called for a Part B permit in the first place.
Broadly speaking, EPA (and the states) have been calling "major facilities.”
While the procedures vary on a state-to-state and regfon-to-region basis, a
potential major facility is any facility that is large, is a land disposal .
or incinerator facility, is significantly out of compliance with the interim )
status requirements, is a facility that poses a high risk to human health or
the environment and/or is highly visible.

A second lesson is that the RCRA permit is the cornerstone of the
entire regulatory system. At this point in time, the regulatory agency
completes, often for the first time, a full evaluation of whether the facil-
ity is in complfance with the interim status regulations. Additionally, the ‘ » ‘:
persit will require designs and operating procedures which are consistent
with the applicable regulations for the full ten year bcmit period.

Consequently, the level of detail required in the permit application
typically exceeds by far that which has been requested under many water,
wastewater and air permit programs. The technical requirements are more
complex and detailed and as a result the permit application itself tends to

be lengthy, ranging from 100 to 500 pages in length.

As a result, the permit application tends to be costly. Typical costs
te an applicant include not only administrative, technical and legal costs
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but also capital costs for facility improvements and increased operating

costs to maintain compliance. The permit application may also require very
detailed technical analyses, such as test burns, groundwater modeling,

exhaustive chemical analyses, etc.

The complexity of the Part B process and the applicable regulations
inevitably leads to uncertainties. Part B's are new to many, including some
of the permit writers. The fnter-relationship between the states and EPA
can be confusing, state level RCRA regulations typically differ in coverage,
standards and procedures even if the program has been deemed “equivalent and
consistent.” The time frame over which the application is prepared and
reviewad also creates inherent uncertainties since the regulations have been
in a state of constant change. As well, there are often technical gaps in
the personnel avaflable to permit writers on specific aspects of individual
permits.

One of the major uncertainties among applicants seems to relate to
whether a Part B is really needed at any one faci.lity. or what hazardous
waste units need to be covered in a facility-wide Part B application.
Typical examples inciude wastewater treatment facilities, recycling/recovery
facilities and storage facilitfes.

Once one 1is quite confident that a particular facility needs a Part B
application, one lesson learned is not to assume that the facility meets all
interim status requirements since the facility may have undergone a state or
federal inspection. This tends to be a major problem for two reasons. The
first is that many of the pre-Part B inspections have been surficial tnspec-

tions only, f.e. does a facility have a contingency plan rather than does
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that contingency plan meet the Part 264 requirements. As a consequence, at
a great number of facilities, the existing interim status compliance plans
(inspection, contingency, training, closure, etc.) are often inadequately

detailed for the purposes of the Part 8 application.

The second reason relates to the adequacy of the existing facility to
meet the design and performance standards of the interim status and Part 264
regulations. As a consequence, capital expenditures and/or operational
changes may be required to bring the facility into compliance before the
application is submitted. Assuming that this is technically possible, the
applicant presents a much stronger case to the regulators and to the public
relating to its attempts to meet the mandates of the law. Typical examples
might relate to incompatible waste storage areas in container storage faci-
lities, lack of emergency response equipment, inadequate groundwater moni-
toring facilities, etc.

Once the applicant understands the facility's relative state of regu-

latory compliance, an additional lesson learned relates to taking full

advantage of EPA's help and how best to obtain that assistance. The appli-

cant has a wide variety of chofces including obtaining access to the numer-

ous relevant technical resource documents, utilizing the RCRA/Superfund Hot-

Tine (800-424-9346), developing a one-to-one relationship with the assigned

permit writer and taking advantsge of pre-application meetings and EPA,

state and contractor sponsored training sessfons. Additional useful ap-

proaches include having the permit writer visit the site early in the six _
month time frame, having the permit writer review available interim status g
documents and draft sections of the Part 8 permit application. -«




Once the applicant understands the relative complexity of the job at

hand and the degree of assistance he can obtain from the permit writer, the
applicant must develop a strategy and schedule to assure that the permit
application will be in on time. EPA has the authority to revoke a facil-
fty's status if the application is not received on time and/or to {nvoke
financial penalties. As well, the spplicant needs to be doing everything

.within reason to maintain credibility with the regulatory agency.

While preparing the application it would also be & mistake to take a
thort-term view for a number of reasons. One of these relates to the cur-
rent definition of a minor permit modification. At this time most modifi-
cations to the Part B permit are classified as major and at a minimum would
require & public hearing. As a result, where possible all permits should
identify and incorporate expected changes.

It is particularly important as well to recognize that once fssued, the
permit will control the effective costs of operating the hazardous facility
covered by that perait. A high quality permit cppii.cation would demonstrate
to the agency permit writer the applicant's commitment to regulatory compli-
ance and an argument could be sade that the resuiting permit conditions
would be less stringent (and costly) than those proposed for an acceptable
but less well managed (and riskier) TSO.

The last point brings to mind another lesson learned to date. The
permit writer is human, with all the strengths and weaknesses representative
of that race. Regardiess of the need for consistent feders! and state
regulations and permit conditions, it 1is the pemit writer that the




spplicant must first satisfy. On that basis, it behooves the applicant to
fdentify early-on in the process what specific details the permit writer
wants to see, in what format the data should be presented, and how flexible
the assigned permit writer will be to utilizing existing textua) materials,
interpreting the specific portions of the regulations, etc.

This brings up another valuable point: the applicant should take
advantage of opportunities for variances or alternative reguiatory inter-
pretations where they might logically apply to the specifics of any one
site. The regions and most of the states appear to have considerable flexi-
bility fn how stringent their {nterpretation of the specific requirements
may be.

Conversely, during the process it is also important to monitor the
permit writer for procedural correctness. Since the permit writer {s human
he can make mistakes, and in some instances it may be advantageous to the
applicant to demonstrate his or her detailed understanding of the regula-
tions by pointing out a more precise interpretation of these regulations.

Once the application is completed, there are a number of additional
lessons learned which can make the whole process less painful to the appli-
cant. These include, for example, not forgetting to claim confidentiality
{f appropriate on the actual submission. Another relatas to not informing
EPA of any new information or circumstances that occur while the process is

on-going. Again, this relates primarily to maintaining credibility with the
regulatory agency and the general public.
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It {s also fmportant to assure that the perait application alone does
not constitute the entire record. Where possible all communications should
be substantiated in writing.

This becomes crucial when one recognizes that receipt of a Part B
perait requires participation at a public hearing where all of your "hazard-
ous” operations will be exposed to public scrutiny. In preparing the appli-
cation and the record, it is crucial to present all the data in a format
understandable to a layman. The public too must be satisfied ano.your
arguments, your assessments of risks and your conclusions sust be acceptable

to the community.

It {s also important to néu that the public hearing and the subsequent
regulatory decisions do not constitute a fina) decisfon if the permit appli-
cation is denfed or is extraordinarily rigorous. An applicant has the right
to appeal based upon the reasonabieness of the decision as it relates to
what data is contained in the application record.

Summary

- aThe Part B8 process s complex, uncertain and inherently subjective.
While the level of uncertainties is decreasing, the applicant can aminimize
the uncertainties by aggressively managing the process. The applicant must
plan his strategy, pay particular attention to details and follow through
daily 1f necessary. The long-ters cost savings alone should justify the in-

creased attention given to menagement of the Part B application procou*
A
A
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ASSESSMENT OF m;xmum CosTS
A
ORDNANCE ACTIVITIES

Introduction
- N,

- ~Environmental protection programs, necessitated by governmental
regulations, require manhours and materials to adminfster. This costs
money. The purpose of this study was to determine the magnitude of
expenses associated with the programs mandated in the Navy's
E:v;zoz;nlt;‘lﬂmd Natural Resources Protection Manual; OPNAVINST 5090.1
° ¥

Background

In the past, Naval Sea Systems Command has experienced difficulty
in identifying expenditures specifically incurred for implementation of
environmental nrmtions. This probles is due to the fact that support
for envirommental services has lay hidden in other operating functions.
As & resylt, an effort was directed tomerd establishing a budget 1ine
{tem to satisfy this requirement.

Approach

To establish a budget 1ine item, the magnitude of the ¢
necessitating funding required investigation. The approach selected to
conduct this fnvestigation involved estimating the cost to a typical

t factlity of complying with the Navy's Environmenta) and
Natura! Resources Protection Manua) (OPNAYINST 5090.1 of 26 May 1963).
This menual encompasses all Navy envirommenta) programs.

The Navy's Ordnance Environmenta) Support Office (OESO), a
specialty office working closely with the ordnance community on
environmental matters, was selected to conduct this study owing to its
familtarity and expertise with ordnance and industrial-type activities
and their associated environmental programs.

The Nava) Ordnance Station (NAVORDSTA), Indian Nead, Maryland was
chosen as a typical facility owing to its wide range of DoD industrial
rations affected by the environmental programs. NAYORDSTA is a medium
sized, Vight menufacturing activity with a civilian employment of
approximately 1,800 people. Most of the workload consists of propellant
menufacturing, rocket motor usﬂl‘.and engineering development for
various weapon systems used by the Navy.
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Methodology

The OPNAY Instruction 5090.1 was evaluated by assigning {ndfvidual
chapters to OESO personne) with associated expertise. A literature
search was perforwmed for documentation governing the environmental tmpact
of DoD operations. This documentation was gathered from the following: .

1) Presidential Executive Orders

2) Congressional Legislation

3) Federal Agency Regulations )
4) DoD Policy

5) Navy Command Requirements

6) Systems Command fwplementing instructions

The products of this literature search were directive chains
applicable to the individual chapters of the manual. As an example,
ﬁch:ptcr 6 generated the following directions as & result of the Clean Afr

In order to support a budget 1ine {tem for an activity Jevel
envirommental program, it was necessary to demonstrate the cost to an
activity of implementing the directive chain. Eleven elements were

re-established and used for Indian Head budgetary 1i{cation. Many
VSEA activities share these common elements. Levels of compliance were
established and initially applied to the manual on a chapter by chapter
basis. At the same time we carefully considered the various waste
generating operations at Indfan Head. Functiona) operations were defined
based on our familiarity of Navy organization and program implementation
at the activity level. Specifically, areas of environmental 4 )
and/or responsibility were determined at the Station. Responsible
personnel in these areas were contacted by members of OESO to deterwine i
the tasks required to comply with the directive chain. In addition, FY83 I
forecasted budgets versus actual expenditures were discussed. Elements
applicable to the environmental program were added or deleted and the
cost estimated at this time.

The sums of the individual chapters were calculated and totaled.
This total represents the cost of the Naval Ordmance Station
Environmental Program for fiscal year 83.

e
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Findings

The following are our findings based on a chapter by chapter
analysis of the mamal.

Chapters 1 & 2 discuss the overa)) responsibility of the Commanding

T
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Officer of a Neval facility which infers a "specia) staff® for an
environmentsl coordinator to adninister the oversll eavirommental

for the activity. For the purpose of this report, the administretive
costs have been deferred and inciuded as an adninistrative Vine ftem 1n
the varfous envirenmental progrem areas. The adminfstretive costs
oncompass both memagerial and technical functions as well as clerical




Chapter 3 discusses the requirements of the Naval Environmental
Protection Support Services (NEPSS). NEPSS, as its title implies, is a
Navy support organization employed by contract when needed by individual
activities. NEPSS support therefore is not an annual activity budget
Tine {tem; rather it s funded on a task basis. During FY83, NAVORDSTA
Indian Head tasked NEPSS ta certify the performance of installed air
pollution equipment at a one time charge of $65K.

Chapter 4 addresses the requirement placed upon activities by the
National Environmental Policy Act (NEPA) which mandates the preparation
of Environmental lmpact Statements (EIS). Internal lm{ requirements
include Environmental Assessments (EA) and Preliminary Environmental
Assessments (PEA). MNAVOROSTA Indfan Head prepares PEAs/EAs prior to
pilot scale manufacture of specialty chemicals. These environmental
assessments collect and consider toxicological and other hazardous
properties to insure that the manufacturing effort will be in compliance
with environmental regulations. The FY83 cost to Indian Head for
preparation of PEA/EAs was $5K.

Chapter 5 addresses Water Pollution Abatement Ashore which includes
those measures necessary to prevent and control surface and groundwater
pollution from wastewater, dredge and fill operations and surface runoff
from Nava) Shore Activities. The FY83 water pollution budget for
NAVORDSTA, Indian Head totaled $314,100. This total included costs
associated with the operation of sewage treatment plants. Specific line
ftems include the cost of administration, sampling, analysts, reporting,
operations, meintenance, supervision and training,

Chapter 6 delineates the requirements initially mandated by the
Clean Afr Act and promulgated through state and regional programs.
Indfvidual Navy requirements relative to air emissions are also
addressed. Oue to the lack of the requirement for an air emissions
permit, the air pollution program budget for NAVORDSTA Indian Head is
relatively Tow. Ouring FY83, NAVORDSTA Indian Mead air pollution costs
included aaﬂmtrnmmi ambient afr monftoring, power house stack

wmonitoring, and a one time cost of monitoring ordnance open burning
operations. The cumulative cost of this effort was $27,200.

This chapter identifies those cost elements incurred fn the day to
day operations of an activity waste disposal progrem. Based on

lations promulgated under the Resource Curruﬂu and Recovery Act
w.«?. m' activities are required to establish a resource recovery

progran whenever pessible. 7 deals exclusively with
non-hazardous waste. At Maval nce Statfon Indian Nead,
non-hazerdous solid weste s tremnsported off-station for df 1. The
cumulative cost for this effort is $266,694. The major portion of this
tota) 1s allocated to transportation costs. This transportation line
item includes contract houling and disposal.




gy

Chapter 8 talks to noise poliution. Activities are required to
conform to feders! regulations established by the Environmental
Protection Agency, and state and local laws prescribing maximum
permissible noise Tevels across property limes. Explosive ordnance
disposal operations and rocket motor testing are local issues of concern
at Indian Head and possidble public reaction is a constant consideration .
of Station management during these operations. As a result of these
cooperative concerns for the community, there are currently no local laws
or ordinances that inhibit operations. For this reason, no budgetary .
1ine item is required.

The next chapter outlines the applicable pollution prevention and
abatement lations for mixing, storage, and dif 1 of pesticides at
Maval shore facilities as required by the Federal Insecticide, Fungicide
and Rodenticide Act (FIFRA). The Naval Ordnance Station maintains an
open-end contract for most pest control work. The Station’s contfngency
plans provide for personnel, facilities, and equipment to be used for a
pesticide spill on the activity grounds. The contract cost was $30,000
for fiscal'yur 1983, Spil) control of pesticides is budgeted under the
elements of Chapter 13. Maste water discharge of pesticides is covered
under the National Pollutton Discharge Elimination System (NPDES)
addressed in Chapter 5 and disposa) of hazardous pesticide waste fs
included in the cost elements of Chapter V1.

There are two chapters that desl with the 011 Spill Control
Program. Chapter 10 accounts for the routine day-to-day costs assoctated
with oil; such as annual maintenance, transportation and routine disposal
of petroleum products. The cumulative cost of this effort was $28,500.

Chapter 11 identifies the responsidilities and requirements that
are applicable to the contro) of pollution from the use of hazardous
materials and hazardous substances, including hazardous waste. As one
would expect, the cost of the hazardous materfals program is & major
expense of the envirommental pn,r- bndrt for any Naval industrial
fecility. Contingency planni or spills of hazardous materials or
waste is addressed in Chapter 13, NAVORDSTA Indian Nead has $22&,880
budgeted to accomplish the environmenta) ma t of hazardous
materials and hazardous waste. At Indian » the major portion of
these funds 1s expended on incineration of hazardous waste in compliance
with the exemption for open burning provided by the Resource Conservation
and Recovery Act. It is estimted t the cost of transportation and .
incineration 1s $130 per barrel of weste. High disposal cost may be
attriduted to the sensitivity of the meterials assocfated with ordmance
and t;u: .::emiu specia) handling requirements of explosives and
prope .

NAVORDSTA Indion Head i3 a shore facility and does mot e
PefToct obéitional costs for the puiget 1ime I eoms wpeeiod vor Cine
reflec one} cos or ] @ or ter
12, Pollution Abatement Afloat.




The elements of Chapter 13 are concerned with contingency plans to
control spills of oil and hazardous substances. Naval Ordnance Station,
Indian Head did not have an o1l spil) in fiscal year 83. The Station
uses over 2000 different chemicals and hazardous substances, and the
aﬁgud clean-up and adwministrative costs of these materials totaled

In general, regulations prohibit transporting material from shore
for deep water disposal. Some exceptions are allowed and permits are
issued on a case-by-case basis. Weapons and Combat Systems Directorate
field activities do not have any known permits even though there {s
occasional ocean disposal of dredged material. This chapter includes the
costs of "burial at sea”.

Chapter 15 addresses the requirement for each Naval activity having
significant land area, or with natural resources management problems, to
pn‘are a comprehensive natural resource ma t plan. This plan sust
fnclude soil and water management, fish and wildlife and outdoor
recreational planning. Natural resource management plans should also
consider endangered species, wetlands and natural cultural and historic
areas. In fiscal year 83, N+val Ordnance Station Indian Head invested
$69,446 in accomplishing various elements of this natural resource
management objective. Much of the forest management expenses were
off-set by the proceeds from the sale of forest products.

Chapter 16 identifies optimum levels of quality and use of
industrial and drinking water. The Station spent $488,000 on this
endeavor in fiscal year 83. The cost of industrial operations and
production of steam contributes to this relatively high figure.

As an incentive for activities, and to increase the effectiveness
of the Navy's Environmenta) Program, the Secretary of the Navy has
established the Navy Environmental Protection Annual Awards Program.
Chapter 17 outlines svbmission requirvements for this award and delineates
the award activity selection criteria. Funding is provided through
general administrative costs.

Susmary

To recap our findings, the total cost of the NAYORDSTA Indian Head
Environmental Prgr- for FY83 was $1,602,520. This represents
approximately 1.2% of the MAVORDSTA Indian Head FY83 t. As one
would expect, the most costly regulations, for Naval activities to
fmpiement, orignate from the Clesn Water Act (CMA) and the Resource
Conservation and Recovery Act (RCRA). It 13 estimated that compliance
with regulations mendated by the CWA account for approximetely 20% of the
total envirommental program cost. RCRA complfance accounts for
approximstely 30%.
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Conclusion

Based on the findings of this study, the cost of the envirommental
pm’ru for a medium size Naval industrial activity is unquestionably of
::Liciont magnitude to support its inclusion as an annual budget 1ine

With the environmental esphasis of the past decade and the
continuing implementation of associated regulations, the support of
environmenta) protection programs should not diminfsh and must be
considered as a cost of doing business. This fact was refnforced during
an EPA Enforcement Staff Conference which was held in January 1984. The
purpose of the conference was to discuss agency plans for stepped-up
enforcement of environmental regulations. During the conference, EPA
Assistant Adminfstrator Lee Thomas remarked "In order for federal
hazardous waste t statutes to be effective in halting pollution,
those governed b{ laws must be given a clear message that the costs
of violations will exceed the benefits".
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Table 1. Cost Estimates!

Chaprer ) " Cost
3 No. Tide FY-83)
) Policy and General Responsibilities Nope
2 Pollution Abatement Program None
- 3 Naval Esvironmental Protection .S 65,000
3 Support Service
k K 4 Environmental Assessments and 5,000
- Statements
L] Water Pollution Abatement Ashore 314,100
6 Air Pollution Abatement Ashore 27,200
7 Solid Waste Management and Resource 256,694
" Recovery Ashore
Noise Abatement Ashore None
9 Pesticide Pollution Abatement Ashore 30,000
10 Oil Pollution Abatement Ashore 28,500
11 Hazardous Materials Environmental 228,880
Management Ashore
12 Pollution Abatement Afloat None
13 Oil and Hazardous Substance Release 89,700
Contingency Planning
i4 Ocean Dumping None
15 Natural, Cultural. and Historic 69,446
Resources
16 ndusirial and Drinking Water Sysiems 488.000
17 Secretary of the Na2vy Environmenial None
Proteciion Arnnual Awards Program
Total cosis _ $i1.602.520

IOFNAVINST 2090.1).

—— e—«-s“p ST

iCraprer titles correspord with those in tre Eavironmenial 2a€ Nawral Resources Protection Manal
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Chapter 1: Policy and General Responsibilities

Typical Elements for Compliance " Indian Head Budget Element FY-83 Cont
Environmental Coordinator .
$O

Total cost

CHAPTER 1. POLICY AND GENERAL RESPONSIBILITIES
DIRECTIVE CHAIN

Reguiremenw

oo
1]

|

Nevy Command
Requirements

o OPNAVINGT 50801

Symom Command

- .

[ ST




Chapter 2: Pollution- Abatement Program

Tvpical Elements for Compliance

Environmental Coordinator,
program and project planning

Total cost
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Chapter 2: PdllntionAbatement Program

Typical Elements for Compliance

Environmental Coordinator,
program and project planning

Total cost

Indian Head Budget Element




CHAPTER 2. POLLUTION ABATEMENT PROGRAM
DIRECTIVE CHAIN

Exesviive Roguirements
o E.0. 12000: Environmentsl Peliutior
trom Feders! Facilitiss, 13 Octgber 1979
Federsl Reguistions

o OMB Cireuler A-108 [Proceturss 10
implemem £.0. 12088) )

67
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Chapter 3: Naval Environmental Protection Support Service

Typical Elements for Compliance Indian Head Budget Element FY-83 Cost , 7

Cenify performance of installed " $65,000 |

air pollution equipment (coal ! v
conversion. one-time charge !
by NEESA). i
Touwl cost $65,000 !f

3

4
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CHAPTER 3. NAVAL ENVIRONMENTAL PROTECTION SUPPORT
SERVICE ~ DIRECTIVE CHAIN

Legisiotive Rsguivemenn
o Clsan Air Act. 42 US.C. 7401
o Fsoersl Warer Potiution Comrol Act.
33us.C 128
* $olid Weste Dispossi Act. 42 US.C. 8901 -
1 i
Exssvtive Roguirements x
o E.0. 11823: Nations! Industriel Polution ;
Control Council
o £.0. 12088: Purpose and Policy of Cleen
Air Agy
o Feders! Weter Poliution Control Act
o Solid Weste Dispossi Act

T

DOD Requiremenss

* DOD inet £120.14: impiementation of Pelicies
Proviced by £.0. 12088

o DOU Dirsctive $100.80: Use of DOD Rasovrem
n Protecting and Enhpncing Environmentsl
Quatity ,

¢ DOD Directive 8080.1: DOD Administration of £
Natwons! Environments! Poiey Act of 1980 : '

]

Novy Requiremenss
o SECNAVINST 6740.6€: DON Environmemal
Protection snd Neturst Resources Mangsgement
Program. 19 Avgwer 1977
o OPNAVINET S080.1. Environments! ong
Naturs! Resources Protection Menust:
28 May 1983
T

NAVMAT (netrustions

o £340.44; Novel Enwvironmensy Protection
Suzdom Services: 13 June 197¢

BT T T e
-

-
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Chapter 4: Environmental Assessments and Statements

. ‘ ’
Tvpical Elements for Compliance Indian Head Budget Element FY-83 Con
Preliminary Environmental $5.000

4

' Prepare environmental documents
Assessments/Environmental

Assessments

4

Tou) cost
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CHAYTER 4. ENVIRONMENTAL ASSESSMENTS AND STATEMENTS — DIRECTIVE CHAIN

Logisigtive Requiremenns
o Naions! Eanronmenal Pelicy Am
o Endengerss Soscias Act, 28 Desener 1973
|
11‘ Exssutive Requiremens
o £.0.11472: Catiinet Commitres on the Environ.
mont ond the Citizens’ Advisory Comenities on
. the Environment; Snabishent: 29 Mey 1980
# o £.0.11841: Cabinet Commitiee en the Enviren-
mem, Termination snd Mesmsignment 10 the
. Demestic Councit: 1 July 1970
s £.0. 11814 (Amenges by £.0. 11981 24 Mey
b 1977 Provection snd Enhancament of Emvren-
i memsl Ousiity; Respensibitities of Peders!
Agancies Unaer NEPA
v e £.0.12008: Federsi Compliones with Poliution
; ; Coantrol Stangerds: 13 October 1978
b o £.0.12318: Respones 10 Environmentst
! Demegs; Nations! Contingency Plan:

wt
Sl

FEVERNEIE L NPT .
i M.\,..;kﬁp.n.; TV A

14 Avgust 1981 g
o £.0.12291: Federsi Roguistion, Cast/Benefis L
Ansiysis, impect Anslysis: 17 Fedrery 1981

T

DOD Rsaviremens

o DOD Directive 5080.1: NEPA, Policy, Regpon-
siditivies, Guidenos on Administranien of:
30 July 1979

o DOD Direciive 8100.30: DOD Commites on
Erwiconmentet Quelity, Establishes; DOD
ARauourees, e of: 24 Moy 1§73

o DOD Dirsstive 8080.7. NEPA, Rgspomibilities
for Complionee with: 31 Mereh 979

1

Nevy Requiremens

o SECNAVINST §240.68: Enviranments!
Proswestion eng Naturs! Resources Mensgement
Pragram, Amignment of 18 August 1977

o OPNAVINST 5080.1: Environmentyi s
Naturst Assources Prevecion Memus!:

6 Mav 1883

* NAVNATINGT 82640.4A: Novy Bnvironmantst

Protection Suoport Servece: 13 Jume 1874

1 N
{ o L
—
! NAVEAC nstrustion NAVSEA tnatrgstion
o §340.3A: Petivrion Cant-ol Repant. Respomidiiity o §240.04° Envirenmanty: S ality "oagrem, Peliey
8¢ Guigones: 23 Corever 1981 ang Rucomaiiin ter. 23 Secemoer 197°

] \
)
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Chapter 5: Water Pollution Abatement Ashore

Tvpical Elements for Compliance Indian Head Budget Element
Y NPDES permitted industrial sources NPDES permined industrial sources
Sampling Sampling
: Analyvsis Analysis
j _ Reporting Reporting
' NPDES permitied sewage plant NPDES permited sewage plant
Maimenance Mainsenance
: Supervision Supervision
. Training Traising
Sempling Sampling

i Towal cost

L
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' CHAPTER 5. WATER POLLUTION ABATEMENT ASHORE — DIRECTIVE CriAmN
Legisistive Asquirements

o Cleon Wner At of 1077
o Rivens angl Horners Act of 1000
® Marine Protemion, Ressareh ond Senctusrias At 6f 1972, Seat. 101 Ocsen Dumping: 23 Octader 1972
o Safe Drinking Werer Act: 18 Decomber 1974
o Comstsi Zone Mansgemem At of 1972
' 1
Knesutive Reguiremenn
¢ £.0.11988: Fisodpisin Monagernem: 24 Mey 1977 R
o £.0. 11980: Protaction of Wetiends: 24 Mey 1977 '
1
Fedors! Reguistions
33 CFR 183: Comrol of Poilvtion by Oil sng Mazsrous Subswances. Discharge Removel, Cosm Guerd
33 CFR 200: Army Corps of Engineers Reguietions on Navigable Wetens
33 CER 320:330: Army Corps o1 Enginesrs Permit Progrem Aeguistions
40 CFA 100: Criteria for State, LOcal, and Regionst Oil Remove! Contingency Plens
40 CFR 110: Ducherge of O
o 40 CFR 112: Ol Prevention
e 40 CFR 11): Luadility Limits for Smelt Onshore Oit Storage Facitities .
e 40 CFR 114: Interim Reguisnions on Civil Pensities for Violstions of Oit Poliution Prevention
o 40 CFR 118: Dasignation of Hazsrdous Substanc
o 40 CPR 117: Detormingtion of Reporusdie Quentities for Hezardous Substances
o 40 CER 122: Nationgl Polivient Discherge Elimination System Permit Reguistions
o QO CPR 123: Stasw NPDES Permit Program Reauitemens
. o 40 CFR 128: Criterie and Standards for the Nationgl Pollutam Discharge Elimingtion System
hE ' © 40 CFR 133: SecOndery Trestment informetion
o 4D CFR 138: Tast Prosedures for the Anslysis of Polivtents
o 40 CPR 220228, 227-229: Oceen Dumping Reguistions and Criteria
o 40 CFR 230: Discherge of Dradiged or Fild Materisl ino Nevigeble Waters
o 40 CFR 231: Disposs) She Determingtion Under the Water Act
Sy o 40 CFR 403: Pretrestment Standards
! ® 40CFR 129: Toxic Polivtant EHvent Standerts
' o 40 CFR 40Y: Genuarsl Provisions for Eftfiuent Guicelines snd Sienderts
o 40 CPRM 413: Ettivent Guitelngs and Standarts for Electropieting
o 40 CFR 414: ENMivent Guidelines snd Standavds for Piastias ang Synthetia
. o 40 CPR 418: Etfivent Guidelines and Stenderts for Plastics ane Synthetics
o 40 CER 418: Etfivent Guigelines and Stenderds tor Fentilizer Menutacture
o 40 CPR 423: Ettwem Guideling tor Sream Elestric Power Genersting
o 40 CFR 480: Eftivem Guicslings 1or Protegraphic Prossssing
1
D00 Requiremens
e 5OD Directive €120.14: Now Pohicies Oy £.0. 12088 anc OW3 Circutpe A-5 08, implementation of;
ang Air ang Yigter Polivtion frem 000 Bacilites, Poices. 3C Augus: 1877
CCO tatryction 6170.8: Fish and Wiislife Manggernart 3-og-am, S1tat ssnment. 2% June 19€8
200 instrueton 2170.8: $0il anc Water Managerrent Program, ims.eme~32.57: 8 Neveroer 1978
DOO0 Dirociive $080.4: Marine Senitation Devge 10r Shugs, Peliey ane Regutanions: 3 Celober 1§78
200 Directive €230.1: Safe Drinking Water Age, Policy 24 2ori" 8§78
]
Navy Rpquiremants
o CPNAVINET §000.1° Enviconmentsl anC aturs: Retources Peotess. on Vanve.. S8 Mav 983
o SUMBDINET §240.3C; Standarss for Peiadie Viates: o8 Aupust 1872
o NAVFACINET 4730.28: Trentment Deviess, Commeccis Prezyutement, Testing: § Juse 77
o NAVPACINGT 4882.54. ingurtr il Veantewater Centro. Prolests: 31 Jusy 1983
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Chapter 6: Air Pollution Abatement Ashore

Typical Element for Compliance

Administration/iechnical support
Operating expense

Maintenance of installed equipmem
Ambient air monitoring

Stack monitoring

Toal cost

indian Head Budget Element
dministrati

Air monitor

Stack moniwe

Monisor deconmmination of
burning ground (one-time cost)

FY-33 Con
$ 2,200

12,000
2,000




CHAPTER 6. AIR POLLUTION ABATEMENT ASHORE ~ DIRECTIVE CHAIN

Lopisistioe Aeguiremens
o Claon Alr At
o Notionsl Energy Conservanion Pelicy Aqt. Semt. 107, Suevne
Agoingt Orger of Lossl Fusi Soures Ussge: 9 Novamber 1978
o Energy Sunply ong Envirenmentsl Coordinmion Act of 1974,

Sect. 2. Cool Convernen sntd Aloemion. Sect. 213, Pusl
Econemy Improvemen from New Mover Vehicies: 24 June 1974

1
Sxssntive Requiremem
e £.0. 11802: Cieon Air Ast;: Agwingtration of Federal Contracts:
30 June 1971
L
Fegorsl Reguistions

o 40 CFR 30: Nations! Primery and Sscondary Ambient Alr Quaiity StenGerds

o 40 CFA 31: Preperation of implementstion Pisng, Subpert V = Marylend

o S0 CER B5: Energy-Reisred Avthority, Subpert V ~ Meryland ( § 55.450 Detayed
Compiisnce Oroer — 48 FRS3143: NOSIM Godderd Power Pignt: 28 October 1981)
40 CFR 33: AmbBient Alr Quelity Surveilionce

40 CFR 60: Standerts of Perfermence f0r New Stationary Sourcss

40 CER 81: Namionel Emigsion Stondards for Hazaroous Air Potiutents {Asbestos,
Boryitium Rocket Motor Firings)

o 40 CFR 82: Suare Plons for Dasignated Facilinws end Polivients

e 40 CER §5: Deloyed Complisnce Orders Under the Clesh Alr Act

o 40 CFA 68: Amemment snd Colisction of Non-Comslisnce Penalties

o 40 CFR §7: Fodersl Aoprovel of State Non-Compliance Pengity Programs

]

DOD Reguiromant

o DOD irgiruction £120.14; New Policies dy £.C. 12088 anet
OMB Cirgussr A-108, Implementation o‘: anc A an¢ Waner
Poliytior from DOD Pacitnme. Policies: 30 Avgust 1877

Navy Reguitement

o CPNAV B0P0.1: havy Envireamertal =€ Natua Rncuren
Protectien Vanusl: 26 Mey 1883
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Chanter 7: Solid Waste Management and Resource Recovery Ashore

Tyvpical Elements for Compliance

Acministrative/iechnical support

Trar.sporation

Spill contingency planning

Spill prevention control and
countermeasures plan (SPCC)

Incineration

Indian Head Budget Element FY-83 Cost
Administrativehechnical support S 33,59
Transporation 157,000
Landfill operstions 19,000
Sepanation and identification 10,703

Training 18000

Permits
Storage of equipment, recycle, ett.
Recycling including precious metals
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Chapter 8: Noise Abatement Ashore

Typical Elements for Compliance

Indian Head Budger Element

Monitoring

Sound barrier maintenance

Additional cost of operations
(1o reschedule exc.)

Total cost

s | ng

~ "




CHAPTER 8. NOISE ABATEMENT ASHORE ~

DIRECTIVE CHAIN

Legisiative Requirement
o Noise Comrol Act of 1972

B

Exosutive Regquirement
e E.0.12088: Federsl Complisnce
with Poliution Control Stancards
ot 17 Ocrober 1978

1

Navy Requirement

o OPNAVINET 8080.1. Environmentst
snc Narurst Resources Proteciion
Manusl: 28 May 1983
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Chapter 9: Pesticide Pollution Abatement Ashore

Indian Head Budget Elemem
Contract

Tvnmical Elements for Compliance

Toul cost

FY-83 Cost

L

o omaad




CHAPTER 9. PESTICIDE POLLUTION ABATEMENT ASHORE ~
DIRECTIVE CHAIN

Lagisletive Requiremens
o Fadersi Insecticide, Fungicide, snt Rodemiside Act (FIFRA) , as Amended
o Redersl Environmema! Pusticide Control Act of 1872: 21 Ocrober 1872 .

o Comprahensive Environmems) Response, Compensstion and Lisdillty Act i
of 1880, s Amended | 5 .

|

Exosntive Requivemem
o E.0. 12088: Feders! Compliance: 13 October 1978

1

Fegersl Roguistions
® A-108: “Prossdures 10 Implement Exscutive Order 12088: 31 Decermber 1974
o 40 CFR J00: Netions! DN ang Hazarsous Substanses Poilution Comingency Pisn
4
D00 Requiremenm
o DOD Dirsstive 4120.14: Erwironmental Poilstion Prevention, Comrol ong
Abstement: 30 Avguet 1977
o DOD Diractive 41850.7: Oepertmem of Detenss Pest Managemem Progrem: : -
& November 1978 3 :
* DOD Directive $184.12: Armed Forces Pest Mansgerment Program:
23 July 199 ! N
] i 3 i r
Novy Roquirement '
o OPNAVINST 8000.1: Environments! and Natursl Resources Protection Manust:
26 Moy 19082
|

NAVSEA insntrugtion

o 8240.3A: Environmenty Quaity Prog-am: Bsi.cv 472 Atpgament ¢/
RetoonsQeisty far 20 Septemoer 677

T

)
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Chapter 10: Oil Pollution Abatement Ashore

Tvpical Elements for Compliance

Oil spill control plan
Maintenance of oil handling and
storage facilities

Total cost

Indisn Head Budget Element

Review of oil spill control plan

Mainténance of oil off-loading and
storage facilities (1.6 million gal at
114 Jocations)

Intra-suation transporwtion of
used and waste oil

DPDO support of waste oil

e

e T A <
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CHAPTER 10. OIL POLLUTION ABATEMENT ASHORE - DIRECTIVE CHAIN

Lopisistive Roguiremenn
o Fegersi Weter Poliution Control ARy, 8 Amended
o The Oil Polivtion Act, & Amended
o Nationg! Environmenisl Policy Act of D89

o Comprehensive § tal Amponee, Compensation, snd Lisbility Act of 1980,
» Amended

1

Enoawtive Roguiromem
o E.0. 11990. Wetiond Protection: 24 Mey 1977
o £.0.12088: Federsi Compliance: 13 October 1978

i

Fedors) Roguistions
e A-108: Procstiures 10 implement Exeautive Order 12088: 31 Decamber 1974
" @ G0 CPR 108: Criteria for Scate, Lousi snd Regionsl O Removel Contingeney Plans
® 80 CFR 110: Discherge of O
o 80 CFR 112: Oi Poilstion Preventien
o 40 CER 113: Lisbilty Limits for Smel Onehore Oil Srorage Faciiities
o 40 CFR 114: Civil Pensivies for Vioistion of Oil Potiution Prevention Reguiations
o 40 CFR 300: Nations! Oi) ang Hazsrdous Substances Peliution Contingency Pian

1

D00 Requiromens
e DOD 4120.14: Ermronmental Poliution Preventon, Control and Abstement:
30 August 1977
o DOD 5030.41: Nationsi Qit end MHezerdous Substances Contingenty Plen:
1 Jyne 1977
o DOD 8050.1: Erwironments! Comidersvions in DOD Actions: 30 Juty 1979

1

Novy Requiresments
o OPNAVINST B0BO.1: Environmentsl end Natural Resourees Protection Menust:
26 Myy 1983
o NAVMATINST 473114 Gil, Policses sng Amoom™ &:tities for Progrem,
27 Jarwary 1991

NAVFAC instructions

NAVEUP Instruction

o FS3228  cerulon Prevennon,
Corivt 4t Br « Fagnitiey

Bopgra=

PP —

e 82522a: 0. 8o Ecuzmes
Procurement Program
22 Oz:coer 1981

"4 Zeceeze 132 o CIITE Waste O Marageme-t

17 Augunt 1878

B ——

o 8250 1A Ervonmempt Qualty
Peogearm; Policy anC S HIBs MDY

‘pr

NAVEEA lngtruction

20 Dezemper 1§77

BT
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Chapter 11: Hazardous Materials Environmental Management Ashore

Typical Elements for Compliance

Designate point of contact

HM survey

Develop HM management plan
Annual reporting (federal and suate)
Disposal of HM/HW

Manifesting

Storage

Training

Equipment

Subtota) cost (Part 1)

NACIP suppont

Subtotal cost (Part 2)

Part 1

Indian Head Budget Element

+ HM/HW Management

Administration and technical

Part 2: Inactive HS Disposal Sites

HW Administration/technical suppont

Part 3: Polychiorinated Biphenyis (PCBs)

PCB Transportation

PC8 Administration/Technical Support

FC3 manifesting
PCB siorage

S_=icwl coss (Pan 3

Tew cost(Penis 1.24& %)

PCB Transponation )
PCB Administration/technical support
PCB Manifesting

PCB Storage

w
-
.f%"v"""?xn-q‘!v'h .
W T & 0 SRy sl ik

5 M
s, w5

25,000
2,200
1,100
8,000

AT

o

135,800
- 2,700

$222.800

2,100
§. 2,100

S 3.980

$226.880



CHAPTER 11. HAZARDOUS MATERIALS ENVIRONMENTAL MANAGEMENT

ASHORE - DIRECTIVE CHAIN
Part §. Hazardous Materials/ Hazardous Waste Management

Logistative Reguiremant
o Rossuree Comervation ong Ressvery Agt 1978

1

Knseutive Regquirements
o §.0.12008: Savironmemal Poaliution fram Federsl Fegiiities: 13 Osusher 1978
o LO. 11900: Wetieng Provession: 4 Mey 1977
o 5.0, 11574: Retuse Comret: 23 Desember 1976

A

Fedorsl Roguistions
o 40 CPA 200: Definitions
o 40 CFR 261: igentifiastion sng Listing
o 40 CFR 262: Stendards for Generstors
o 40 CPR 263: Stenverts for Trafepeners
o 40 CFR 204: Stencarehs for T/8/D Fegiihtis
o 40 CFR 268 interim Stewws S1andards for T/8/D Fesiltiis
o 40 CFR 122 antt 124: Permins for T/3/D Fesilities
o S0 CFR 123: Guidelines ftor Authorized $1ome Prograns
o A-108: Procedures to implement £.0. 12088

1

000 Requiromens
o DOD Directive 4100.15: Commaercia! and ingustriel Agtivities
o DOD Divective 4180.21M: Detorse Disptssl Monusl
& DOD Directive 4185.80: StAld Waste Monagement
o DOD Dirsetive §080.1: Enwwonmentsl Considerstions in DOD Astiorns

1

4 Degormber 1000
Assignment of Aspomidility for:

CNAY lrstrwstions

® §260.10: Svelustion of Enviconmems! Efects in the United State fram Nevel Actions:

o §240.88&: Degt. of Navy Environmentsl Provestion Resources Mpme. Pregram;

18 August 1977

A

OPNAYV lnsurustions
o $000.1: Envirenments! and Nerural Resourses Provection Menwel: 26 May 1983
o 7020.6: Tresh snc Waste Matevinl Resyaiing: 29 November 1974

1

NAVMAY inntrvetiors

o §240.7: Gnvironmentsl Protection st GOCO Paciinies: 18 Novernber 1982
o §240.6A: Mazsroous Materias Environmemal Mgms:. Program: Novy: § Mey 1862

NAVEAC tnstrustions
o 3452388 The Samitary, Enviconmentat Engineer.ng Pregram; Engineering ¥ ieig
Cag.0n, Beszcre.pitities f0r: 18 October 1974
o 258284 Viss's Contrel Projects | nvoiving Wastenatens: Chemicans and Texis
1 Sezswrew: 3% Juiv 1980
: o %0213 85.€ Yimte fonagarnemt

|
|
i

20 Secomber 2820

NAVSTA Innrustion

o 8340.04: Trw.corments’ Qus. » 2-ogre™; Porgy a2 Respor:ipility ‘or:

!

Kevv Shoce Agtivities
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Part 2. lnactive Mazardous Substances Disposal Sites

Logisistive Requiremenss
o Comprenensive Environmentsl Asspense, Compensstion
sng Lisditity Agt (CERCLA)

1

OPNAY Instrustion

o 5000.11 Erwironmental snd Naturst Ressuress
Protection Menual: 26 May 1983

Navy Shore Agtivhies

NAVEAC ingurvetion

o NEESA 20.2-038A: NACIP Guide for Conduating sn
{nitiol Assessment Stugdy

8

o By ey
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Pant 3. Polychlorinated Biphenyls (PCBs)

Loplsistive Roquiremens
* Toxic Substences Control Aet (TSCA)

B

Fegorsl Reguistions
® 40 CFR 781: PCS Dispoesl and Merking

Reportabis Salls
Meintenence of PCB Tremstormen

o 40CFR 117: Lint of Quantitios of Hazsrious Meterisl,
o 48 CFR 46: Reguirament Reletive 10 inspestion pnd

1

OPNAY lmstrustion

* S080.1: Erwironmentat and Netursl Resouross
Provegtion Menuai: 26 Mey 1983

NAVPACL instructions

Guidge
o NESO Guide 20.2-01): NEPSS Haxsrdous Waste

Disposs Guide
o NESO Guide 20.2028: PCH Complience Assen-

ment ane Spill Comret Guice

o NESO Guide 20.2024A° Navy Hazeroous Materiel

T

Novy Shovre Astivition

-——-*————“——J
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Chapter 12: Poliution Abatement Afloat

Typical Elements for Compliance Indian Head Budget Element

Sewage. pulped garbage, pulped .
trash, and wastewater
Foreign source food and garbage
Domestic garbage

- Trash or solid wase

¥ Oils and oily wasts,
ino swores

F Hazardous waste
. Spindt;nup.’phmin;.ud

Towl cont




CHAPTER 12. POLLUTION ABATEMENT AFLOAT -
DIRECTIVE CHAIN

A i s
Eeland o 2 L E ST

4;
Lagisiotive Requiremem
; o Clagn Waner Act of 1977
. ] |

5 ! * £.0.12008: Federsi Complience -
with Polivtion Control Standerde g

of 17 Ocrober 1878 .
E b .
'i T . S
1 DOD Requirsmem ‘ [
4 !

. » DOO Directive §080.4: Moting
| “ Sanitmion Devicm for Shigs;
L Poticies sns Reguistions
i
OPNAY Ingwwation
» S000.1: Snwirorvnemal and Naryral
Resourcss Protection Menusi: .
28 Moy YIR3

e e
¥ , 2, Shd Y N -




Chapter 13: Oil and Hazardous Substance Release Contingency Planning

Typical Elements for Compliance Indian Head Budget Element
Part 1: Navy Organizational Aspects for Removal
of Oil and Hazardous Substances

Part 1 Discusses area-wide planning. There are no local costs
in this pant except for suppornt provided to an area wide pian.

Part 2: Navy Oil Discharge Response
Develop oil spill contingency plan Administrationfiechnical

support

Develop spill prevention control
and countermeasures plan (SPCC)

Develop reporting procedures Reporting
Designate personne! for response

Designate equipment for response Equipment
Train designated personnel Training

Oil spill clean-up operations Spill cleanup

Subtotal cost (Pant 2)

Part 3: Navy HS Release Response
Develop HS spill contingency plan Administrationtechnical support
Develop spill prevention control

and countermeasures plan (SPCC)

Develop reporting procedures Reporting
Designate personne) for response

Designate equipment for response Equipmemt
T:ain designated personnel Training

HS spill clean-up operations Spill cleanup

Suieial cost (Pant 3)

Part 4: Salvage-Related Qil and HS Spilh
Tais Seston applies 10 Navy participation 1. the salvage of
=rivate ené novy vessels. This section Coes ot apply 1o the
nermz! epe-iions of shere activinies.

Toral cost

TR —
Tap som inted Lo T 1 a actaliiy 6 1008 eo0w 10 O Pameraong:ap siemenn Tor e Pare D ave )

FY-83 Cost

S0

—

45,700

3.500
10,000
5.500
25,000

$89.700

§§9.700

B

e et e s
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CHAPTER 13. OIL AND HAZARDOUS SUBSTANCE RELEASED CONTINGENCY

PLANNING - DIRECTIVE CHAIN

Logisissive Roguiremens
o Fatiersl Wewr Polition Controt Act, s Amended
s O} Pollvtion At of 1981, as Amented
o Asourcs Comervarion end Revovery Act of 1978
o Comprehersive Environmental Respones and Lisbility Act of 1980
¢ Nations! Environmentsl Policy Act of 1988

—

Encowtive Requiromens
s £.0. 12316: Amponem 10 Environmemsl Demage: 14 August 19081
e £.0.12088: Fegersi Compilence: 1) Ocvober 1978
o E.0. 11990: Wetiond Prowction: 24 May 1977

J

Feders! Reguiramens
o 40 CER 109: Criteria for $tate, Lacel, and Aggional Oil Removal Comtingency Plang
o 40 CER 110: Discherge of Oit
o 40 CER112: Oil Poliution Prevention
o s0CFA 113: Lisbitlty Limits tor Smait Onshors Oif Storags Pacilities
. & 40 CPR 114: Civil Pensities for Vioistion of Oil Polivtion Prevemion Reguistions
o 40CPFR 117: nwnommmm
o 40 CFR 260-208: Mopulstiony tor the Menegement of Mazerdous Wanes
» 40 CFR 300: Nastionsi Oil snd Mazerdous Substences Poliution Contingency Pisn
o A-108: Procsdures 10 implement £.0. 12088: 31 Decamber 1974

—

D00 Requirament
e DOD Directive 4120.14: Iimplamemstion of £.0. 12088 sng A-108
o DOD Directive $030.41: Nations! Ol and Hazardous Substences Contingency Plen
o DOD Directive §080.1: Environmental Considerstions in DOD Actions

N |
SECNAYV insruetions
o §240.10: Eveiustions of Environmental Eftecns in the United States from Neval Actions:
4 Desember 1900
|
OPNAYV (natrustions

e $000.1: Environmental and Natursl Resources Protection Menusi: 26 Mey 1983
& 3100.8C: Specisl incident Reporting: 18 July 1977

]

NAVMAT Instrustions
o 4731.1A: O, Policws anc Resporediiities for Progre™. 37 Jamyary 1881
o §240.0A: Navy Mazaroous Materials Environmenssi Mansgement Program: 6 June 1982
o §240.7: Environmemat Protection st GOCC Faciitties: 18 Novemose 1682

NAVEUP instrustion hAVBAC tratrustions

e §340°8: Poliyrion Prevention, Control a1 Buik Fusl bed @ 824224 O $2iit BQuipmant Procurement Program
Coecomber 982 ¢ "2J45.78. vianie Tt Managenem Peggrar: 17 Ayg

[ TYRRE 1Y

e

13 1 )

NAVERA imtrustion
o $§340.14: Environmems! Susiny Pregram: Povicy #n€ Re:zorssitey (0 20 Cecember E77

Nevy Ehore Actrvitios
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Chapter 14: Ocean Dumping

In general, regulations prohibit transporting material from shore for ocean dumping. Some.exceptions are
allowed and permits are issued on a case-by-case basis. Weapons and Combat Sysiems Directorate field activities
do not have any known permits for ocean dumping even though there is occasional ocean dumping of dredged material.
This chapter includes burial at sea (see also 40 CFR 229.1 and BUMEDINST 5360.1D of 4 October 1982).

410




I ATAR 1494 PROCEEDINGS OF THE ENVIRONMENTAL SYSTEMS SVMPUSIUM )/q
{13TH) HELD AT BETHESDA MARYLAND ON 20-22 MARCH 1984
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! CHAPTER 14. OCEAN DUMPING ~ DIRECTIVE CHAIN

Legishtive Requirernent
& Moring Protaction, Resesrch ond
Senctueries Act of 1972
| 1
Gxosntive Reguirement
s £.0.12008: Fudorsl Complignce
with Polltion Comrol Stanterds
‘ 1
o Fesersi Reguistion
i 1 o 4D CFR221.227

1
OPNAYV lsstrustion
¢ $090.1: Environments! ang Natursl
Asduress Protection Menust: -
26 Moy 1983




Chapter 15: Natural. Cultural, and Historic Resources

Typical Elements for Compliance Indian Head Budget Element FY-83 Cost
Soil and water conservation

Administration and planning Administration and planning $ 1,800
Landscape (minor construction) Landscaping 12,000 .
Training -
Subtowl $13,800 %
Forest Management
Reforestation Reforestation 2,500
Timberstand improvement Timberstand improvement 15,000
Fire protection Fire protection 666
Timber area access roads Timber area sccess roads -
Timber management Timber management 25,000
. Training
Subtotal \

Fish and wildlife

Qutdoor recreation
lanning
\Minor construction
Maintenance
Training
Suototal

Planning and management Planning and management
Inventory and survey Inveatory and survey 3,600 .
Feral animal control Population control 3,000 f
Pest control Pest control 2,880 »
Habitat improvement 3.000 4
Hunting management Game warden - -
Training Training -
Subrotal ;
2

v

Nataral and cultural resources
Planming
Minee consiruction
Maizienance
Troining

S.awnl

Tatai rnet




-

.
3

b

CHAPTER 15. NATURAL, CULTURAL. AND HISTORIC RESOURCES -~

DIRECTIVE CHAIN

Leplsintive Requiremens
P.L 85-824: Fish senc Wilgiite Coordination Agt
P.L. 06-797: Fish ontd Wikdiite Consarvation on Military Reservetions
P.L 88-20: Netiongi Mistorigst Preservation Act
P.L. 00-800: Fish ond Wildiife Comgparvation Agt
P.L. 90-485: Conservation Progrums an Militsry Raservations
P.L. S0583: Nexious Pem Comrel
P.L. 81-193: Natiensl Savironmental Policy Act of 1900 INEPA)
P.L. $2-822: Merine Memmal Provestion Act of 1972
P.L. 92.532: Merine Prowction, Resserch and Sanctusrm Act of 1972
P.L. 92:58): Coestsl Zons Monagement Ast
P.L. 93-208: Endengered Spesies Act of 1973
o P.L93408. Yourh Comsenation Corps At of 1972 Amended
o P.L. 93482: Conservation snd Rehgbilitation Program on Milltary and Public Lands

‘e PL 834620: Feders) Nexiovs Weed Ast of 1874

o P.L. 95:52¢4: Camprohensive Employment and Training Act Amendments — 1978

o P.L. 95-832: Sndangeved Species Ass of 1973 (1978 Amendrments)

o MR, §302: Netions! Herttage Paligy Ast of 1079

o Title 10USC 2087: Lassss: Nen-enstm Preperty

» Titie 10 USC 2671: Miiary Ressrvations end Facilitier; Hunting, Fishing, sng Trapping
o Thie 18 USC 300: Seii Consarvarion

o Ameriasn indiion Retigious Prosdom Agt

o 16 USC 1271: Narisns! Ty Symem Act of 908

o 18 USC 1274: Wi ond Segnis River Agt

1

Sxemetive Requiremenn

£.0. 11514: Prozention snd Bntensemem 3 Environmentel Cuality
§.0. 11903: Pronection ond Enhongamens &f the Cutwral Environment
£.0. 11043: Bwirenmemist Ssfopuerds on Asivities for Animel Demege Comrol on Feders! Lanth
£.0. 11908: Fiscuplsin Mensgement

£.0. 11989: ON.Roes Vehicies on Public Langs

£.0. 11900: Provestion of Wetionts

2.0. 11991 Protesrion snd Enfiongemen o Envirenments’ Suaitty

T

DOO Requiremenn

» DOD C restve 4700.%: Neturs' Rasourets Conservatior 822 Veng; e~
o DOD instrueien $I00.13: Naztursh Resdurtes = “Pe $92°¢21 v € Ja'e21e Lo tEvalON dnerd
o 800 Oirecive 8580.2: e ¢! OH-Asag Venciss on COZ Langy, w & mecen
o 00 112-uguan TIV0E: ActZorting 101 Frocusi.cr 8°C Sa-t €7 LumDer §28 Tur e Pt




Chapter 16: Industrial and Drinking Water Systems

Tvpical Elements for Compliance

Supervision
Training
Operations
Maimenance
Sampling
Analvsis

Towl cost

~~

Lk IR RS NYY - P

Indian Head Budget Element Fl—s__s__Cg
Supervision 22,000
Training 1,000
Operations 201,000
Maintensnce 253,000
Sampling 1,000
Analysis 10,000
$488,000

97
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CHAPTER 16.

INDUSTRIAL AND DRINKING WATER SYSTEMS ~

DIRECTIVE CHAIN

Logisistive Roquirement
o Cloon Warer Act of 1877

1

Fodoret Reguistiors

o 40 CFR 141: Nationsl interim Primery Drinking
Water Regutstion

o 40 CFR 142: Ngtions! interien Primery Drinking
Water Reguistion implementation

o 40 CFR 143: Nevone! Segondary Drinking
Water Raguistion

o 40 CPR 144: Pormit Regyistions for the Under.
proune Imyection Control Program

® 40 CFR 149: Roview of Projects Afecting Sole

Sovrce Agavifers
]

OPNAYV Instrustion

o $000.1: Environmemsl snd Naturs! Aesources
Prorection Menust: 28 Mey 1983

Cres K

[ capgezas TR0 NPV
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Chapter 17: Secretary of the Navy Environmental Protection
Annual Awards Program

The Secretary of the Navy provides recognition and awards for activity environmental and natural resources
proiection programs. These awards are not a cost against the Jocal activity.
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REMEDIAL ACTION OF HAZARDOUS WASTE
U.S. ARMY CORPS OF ENGINEERS
ANNISTON, ALABAMA

AD-P004 141

Presented By:

Larry G. Copeland, P.E.
Roy F. Weston, iInc.
8329 Memorial Drive, Suite C
Decatur, Georgis 30032
(%8) 294-7373

and

Or. Robert J. York
U.S. Army Toxic § Hazardous Materiatls A
Aberdesn Proving Cround, Maryland 21810
(301) €71-2170

T et ———————
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INTRODUCTION

Anniston Army Depot (ANAD) is located {n northeastern Alabama in Calhoun
County. The Depot is located apmxiuuly ten miles west of Anniston,
Alabama, and sixty mil un of lit;ni "

vy for
One of the primary nissions 61’ Wbei\'o s the npair of combat vehicles.
Industrial processes which are utilized in the accompl ishment of this mission
led to the production of a large number of waste chemicals, mainly
degreasing, paint stripping and metals processing sludges. Many of these
waste chemicals are classified as hazardous under both Federal and State of
" Alabama Murdous waste roguhtions. ‘

Beginning in 197]-1972 and continuing until 30 September 1981, containerized
sludge wastes were burfed in seven trenches located in an olenud area with
* approximately 30 feet of relief northwest of the Depot industrial area. The
sludge disposal trench site occupied approximately two acres near the
existing Depot sanitary landfill (Figure 1). At initiation of the project,
six of the trenches had been completely covered and the seventh remained

partially open.

An additiomal site, the old lagoon sludge pile, consisted of ‘materfals
removed from the bottom of a lagoon which was closed in the early 1960's.
This pile was covered with a synthetic Tiner and covered with earth.

Organtc contaminants, including volatile aromatics, phenols and phthalate
esters, were indicated. The most significant groundwater contaminants were
trighloroethene and methylene chloride. In spring 1961, further sampling and
GC/MS analyses of twelve wells were conducted for volatile organics. At that
time other organic contaminents, in addition to the confirmed trichloroethene
- and methylene chloride, were detected.

The potential for localized ter contamination Yed to the decision to
exhume, remove and dispose of the contaminated material in the seven disposel
tmldm. As part of this contract, the hazardous sludges in the 0ld lagoon
sludge pile were to be removed, although groundwater contamination was not
assoclcm with tMs site. :

M “the uu of ground mtntin radar (M). try, metal
detection and c\octmmtics. chnical sludp
¢isposal trenches were (*tﬁr"‘iu ° i» :

wore mads from GPR data, Tnnchu 1 to 6 were estimated at lz f«t deep;
trench 7 was estimated at u'nmvlmly 17 feet deep. The corners of each
trench were surveyed (State Coordinete Sysu-) for the exact locations
for removel eperstions.

A geotechnical evaluation of the ares containing the disposal sites wes
ma previous contractor during spring and summer 1981 to establish

o Delinsation of the actus) chemical sludge ¢isposal trench
bounderies

o Detorminstion of the bedrock depth and configuration
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* Direction(s) of shallow groundwater flow

. Evaluation of the potential for contaminant migration
into bedrock

Following procurement and contract negotiation by the U.S. Army Corps of
Engineers (COE), Huntsville Division, the responsibility of administering the
contract for remedial action at the Anniston Ammy Depot was assigned to the
Mobile District, COE. Responsibility for administering the technical
execution of the project to remove and dispose of hazardous waste materials
from ANAD was maintained by the U. S. Army Toxic and Hazardous Materials
Agency (USATHAMA).

The quantity of material to be removed from the trenches and the old lagoon
site was initfally estimated at 54,675 tons. Up to 50,000 additional tons
were authorized for removal under the contract if more extensive excavation
was required to achieve effective removal of the contaminated soi). Specific
exhumation criteria stated removal of soil two feet below the trench bottoms
and five feet horizontally from the trench sides, plus removal of all sofl
partitions between trenches. If visual evidence of contamination remained,
additional exhumation was performed at the directfon of the Contracting
Ofticer's Representative.

R tota) of 62,119 tons of contaminated material and soils from the chemical
sludge disposal trenches, old lagoon sludge pile and chemical sump at
Buflding 130 were exhumed, transported and disposed of during the project

Hazardous materials were transported by Magic City Trucking of Birminghay,\-

Alebams, and Chemical Naste Msnagement, Inc., of Emelle, Alabama, permitted

hazardous waste carriers, in accordance with applicable State and Federal

regulations to Chemical Waste Management, Inc., a RCRA-permitted hazardous
waste disposal facility at Emelle, Alabama.

HAZARDOUS WASTE REMOVAL OPERATIONS

Primery waste removal operations at ANAD consisted of handling and disposing
of materials from two separate sites: the chemical sludge trenches and the
old lagoon site. These sites were located approximately one mile from each
other and were arditrarily labelled by a previous contractor as Site Z-1
(chemical sludge trenches) and Site Z-2 (old lagoon sludge pile). The
discussion of the sites follows the chronological order of their excavation.
Figures 2 and 3 represent the operational layout of Sites Z-1 and Z-2,
respectively.

During the latter phases of the removal operations, a small volume of waste
meterial from the cal sump at Building 130 was transferred to the trench
site ANAD personnel and was subsequently transported to the disposal site
in Emelle, Alabama, by the permitted transporter.

Removal operations at ANAD were initiated with the excavation of Site 2-2,
the old lagoon sludge pile. Site Z-2 consisted of waste sludge material that
had been mounded up and covered with a thin plastic membrane. The site was
located near the sanitary wastewater treatment plant and the spare parts
“Junkyard” for some of the vehicles repaired on the Depot.
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Site preparation at 2-2 involved building a gravel road to the site which
could de used for access, truck preparation and loading. The road entered
the area beside the sanitary treatment plant and continued into an elongated
loop at the waste pile, The road was made of coarse gravel (several
different grades) which allowed easy drainage and high durability.

Prior to the excavation efforts, the entire waste pile and associated work
2ones were ringed with a warning banner mounted on wooden laths to restrict
any unauthorized entrance into the srea. This barrier was sufficient since
1-2 was located in a rather remote area with low traffic, and Depot personnel
had been briefed as to the operations at the waste pile. The warning banner
was maintained throughout the duration of the excavation operations.

A decontamination area was established at the site. An on-site supply
trailer housed equipment and tools, such as shovels, carpentry tools, eye
wash and shower, spare safety equipment, gloves, and protective coveralls.
The trailer was parked on the far side of the loop away from the waste pile.
Visqueen which was be used to 1ine the inside of the dump truck bodies was
held on a rack at the rear of the trailer. This rack was designed for ease
of oper:::on in unrolling and cutting the appropriate length of liner to fit
each truck.

Excavation at Site Z-2 began on November 16, 1982. The waste pile consisted
of solid materials from a dewatered industrial waste bolding Tagoon which had
contained various heavy metals and organic solvents used for electroplating
and degreasing operations. A Caterpillar 977 tracked front-end loader was
used to remove the cover and waste material and load it into the waiting
semi-dump trucks.

The disposal operations at Site 2-2 proceeded slowly during the initial
stages due to difficulty in estimating the weights of the loaded trucks prior
to their leaving Site I-2 to be weighed. After several days, however, the
operators of the front-end loader were asble to estimate the quantity of
material to comprise the correct load limits and the number of trucks
processed each day steadily rose,

Waste excavation and removal operations continued at the site through the
beginning of January 1983. ODuring this period a number of days were lost
when the site was closed due to inclement weather conditions. Harsh weather
also made it necessary to place a berm around the excavation areas to contain
any runoff from the potentially contaminated sofls. In an effort to mintmize
the effects of the rain and runoff, the open face of the excavation was
covered at the end of each day's operation with a visqueen liner which was
sandbagged around the edges to secure it in place.

As a result of the preventive measures taken at the loading area,
decontamination of the transport vehicles was minimized. The heavy equipment
used to excavate the site was moved to Site Z-1 where 1t was efther used
fmmediately on the site or decontaminated at the washdown facility prior to
sovement off the Depot. Site personnel underwent decontamination each time
they exited from a contaminated work zone. The decontamimation consisted of
& washdown and rinse in a series of water-based, {imorganic “stripping”
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compounds. Two decon solutions were wutilized: the first, a solution
containing 5 percent sodium carbonate (NazC03) and 5 percent trisodium
phosphate (Na2PO4); the second, a solution containing 10 percent
trisodium phosphate (Na3PO4). Coveralls worn by the site workers were
disposed of dafly to prevent any spread of contamination.

Spent wash water and decontamination solutions were piped to the
decontamination pit from which 1iquid overflow was transferred to the holding
basin of Site 2-1. Analyses of the liquids in the holding basin were
conducted to ensure that levels of contamination did not exceed parameters
specified in the State Indirect Discharge Permit issued to Weston for this
project. Contents of the holding basin were transported by vacuum truck to
the East Area Nastewater Treatment Plant at Anniston Army Depot for discharge
ifn  sccordance with the pemmit. Sludges which collected 1in the
decontanination pit were combined with sludges from the trenches for disposal
at the RCRA-permitted hazardous waste facility.

Site 2-1 was significantly more complex than Site 2-2. Site I-1 consisted of
seven trenches located within an ares measuring approximately 350' x 400°.
These trenches contained buried drummed waste sludges from operations
employing organic solvents. The Z-1 site was located in a saddle between two
adjacent hills overlooking the Depot from the northeast.

Site preparation at Site Z-1 involved the following steps:

1. A gravel site access road was built to accommodate the truck
traffic. This road extended around the site and bounded the
ifnside of Trench 7 (the furthest from the commend area and
the first trench to be excavated).

2. A berm spproximately two feet high was constructed around the
periphery of the entire site to contain any contaminated
runoff from the site.

3. A orum staging zome consisting of a berm and sectional areas
was built to accommodate any {intact drums which required
sampling and special disposal.

4. A holding basin capable of containing over 100,000 gallons of
1iquid was buflt to serve as a repository for all decontemi-
nation wash waters, contaminated runoff and laboratory wash
water,

§. Erosion control measures such as hay bales, swales and berms
were constructed and placed to direct rain water and rumoff
away from the site in a controlled manner.

6. A sutomatic scale for weighing the trucks was fastalled in
concrete beds in the ared.

7. Al on-site wiring, plumbing, and carpentry was completed to
sllow the semi-permanent installation of & laboratory
trafler, a supply trafler, a decontamination trafler, @
command trailer, and a decontamination washdown pad.

414
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Excavation of the buried wastes and the contaminated soil partitions between
the trenches was accomplished using a Caterpillar 245 backhoe. The
excavation was fnftiated at Trench 7 and proceeded sequentially across the
site to Trench I,

As the excavation progressed, the access road was reestablished using fresh
gravel. Figure 4 depicts the truck routing at Size Z-1. The same general
gpﬁating sequence used at Sfte Z-2 was used at Site Z-1 and proceeded as
ollows:

1.  Trucks were staged in cleared fields several hundred yards
from the site. Safety chains were attached and tightened,
tarps were placed in their cradles, and the trucks were given
a safety inspection by the driver,

2. Using CB radios, the drivers were iastructed to proceed to the
truck prepsration area. Two technicians and the vis
1iner rack were stationed on a scaffold. The scaffold
eliminated umnecessary climbing on the trucks and expedited
truck preparation. The trucks were positioned beside the
scaffold and the technicians lined and fastened the visqueen
to the inside of the dump body.

3. The truck proceeded to the loading 20me. Each truck was
positioned to permit loading by the backhoe from the rear.
Due to the backhoe's increased accuracy in placing materfal,
deflector boards were not necessary to protect the truck
wheels from contamination. On the few occasions when very wet
material was encountered during the excavation, the tires were
covered with visqueen to prevent spillage from the bucket
contacting the wheels.

4. Subsequent to Toading, the trucks proceeded to the tarping
area. The technicians at the tarping zone were located on
scaffolds which grestly increased their productivity and
significantly reduced worker fatigue and the hazard of falling
off the trucks.

5. After the trucks were tarped, they were weighed at the scale
and either returned to the lcading zone for more material (or
for the removal of material) or were released to proceed to
the disposal site at Emelle, Alabama.

SAFETY AND AIR MONITORING PROGRAM

An extensfve safety program was designed for the ANAD project. The program
wes detajlied in the Project Safety Plan which was approved by the Contrecting
Of ficer and subsequently implemented for the duration of the site activities
at AIAD. The program fncluded persomnel training, use of protective
clothing, a respiratory protection progrem, an exposure monitoring program,
and cal surveillance.
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Personnel training for the ANAD project involved preliminary hazardous waste
training, site specific safety trafning, first afd {nstruction, and dafly
safety meetings for a1l on-site sonnel. The training emphasized the
hazards present at the site, as well as the physical hazards associated with
heavy equipment and construction-related work. The training also stressed

the methods used to minimize these hazards and emergency procedures to be
followed in the event of a mishap. Safety meetings were held datly prior to
starting work to discuss relevant events which occurred the previous day and
to brief the work crew on the intended plan of operation for the day. These
meetings served to emphasize the safety requirements of the project and to
maintain a high level of safety consciousness on the part of the work crew.

Protective clothing for the work activities was based upon known and
suspected chemical and physical hazards at the site. An {inftial hazard
analysis of the site was rrfomd tn accordance with the approved Safety
Plan. The OSHA permissible exposure limits (PELs) and the American
Conference of Governmental Industrial Hygfenists (ACGIN) threshold limit
values (TLVs) for the contaminants of concern were utilized in all decision
related to personal safety. Specific action levels were as follows:

0 - 5 ppm above background Level C
$ - 500 ppm above background Level B
500 - 1000 ppm above background _ Level A

The basic safety equipment 1included a modified Level C protection which
consisted of Tyvek coveralls; steel-toed, steel-shank PVC work boots; PVC
heavy-duty gloves; and hard hat with a face shield. The Tyvek garment was
fastened around the outside of the boots with duct tape to prevent liquids
from entering the boot. ODuring the cold months, a cloth coverall was
occasionally worn over top of the Tyvek garwent.

The respirs protection program involved several pieces of equipment.
ODuring the initia) entry into Sites I-1 and I-2 the hazard presented b{
airborne contaminants was unknown, therefore supplied air was used by al
croew nasbers. The swpplied air systems consisted of Self-Contatmed Breathing

retus (SCBA) and airiine respirators connected to large air cylinders.

afriine respirators were used by crew members, such as the truck
m::;ion technicians, whose dutfes did not require a great deal of

The Tevel of air contamination at each site was deterwined through the data
provided by the Foxboro Niran 801 Infrared Analyzer and/or the Century
Organic Vapor Amalyzer (OWA). \hen the leve! of contamination was deterwined
to be within the allowsdle limits for safe wse of cartri respirators, as
defined in the approved Safety Plan, the leve) of protection was

and half-face orgeaic vapor cartri respirators were used. (It should be
noted that crew members using s fed atr operated the trucks during the
initial entry phases. Only after Teve) of protection was downgreded were
the regular truck drivers, trained in the use of their respirators, allowed
to drive their trucks into the locading zome.)
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Air monitoring was conducted continucusly at the excavation face of Site Z-1
by the Miran 801 Infrared Analyzer and in the various work zones to monitor
the afr quality. On several occasions during the excavatfon of Site Z-1
organic concentrations in the air in the {mmedfate vicinity of the excavation
exceeded the limits specified for Level C protection. At those times 1t
became necessary for the site crew to revert to Level 8 (supplied air)
protection as specified in the approved Safety Plan. The backhoe operator
} and the technicians working at the active excavation face were the only
. workers who operated in areas where high concentrations of organics occurred
| with regularity. The technicians handling the tarping operations came fin
o closest contact with the actual waste material and were required to utilize
- Level B protection on several occasfons. MNone of the air quality excursions
. lasted for more than two hours, after which cartridge respirators were once

again safely used. It s timportant to note that the exposure )limits
previously described are established for persons without respiratory
protection. Since all of the site workers, at a minfaum, wore cartrldr
respirators at all times when in the work zones, they were never actually
exposed to these levels.

A personnel monitoring system consisting of absorption media and air sampling
pumps was utilized as an additiona) source of information regarding personnel
exposure to the organic constituents of the waste material at the site. The
absorption media, which consisted of two charcoal tubes in series and an
impinger which contained methanol-sodium hydroxide solution, as well as the
sampling pumps, were worn by workers in the various activity zones. In
addition, a monitoring station, consisting of the same media and sampling
pump setup, was established at the active face of the excavation. The
purpose of this apparatus was to collect afir samples which were analyzed at
an industrial hygiene laboratory to calculate time-weighted averages for
personnel exposure.

- Prior to working at the ANAD, each site worker was required to undergo a

; complete physical examination as specified in the approved Safety Plan. The
examination was to establish a baseline medical history prior to work at the
site and to qualify the individual for use of respiratory protection gear.
Results from physical examinations conducted at the completion of the project
indicate that there was no adverse exposure suffered during the course of the
excavation activity.

AIR NONITORING PROGRAM

The fnitial site hazard assessment established airborme contamimants
consisting of organic compounds as the greatest potential hazard to om-site
persomnel. To ensure precise monitoring of this hazard, an exacting atr
aonitoring program was designed and implemented at the project site.

In accordance with U.S. Army specifications for the ANAD project, a three-way
atr monitoring program was developed. The progrem consisted of:

1. A site perimeter, near-real time air quality monttor. :
2. A continucus, on-site, real-time atir quality montitor.
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. 3. A personne) exposure monitoring system which yfelded certified
time-weighted averages (TWA's) within 24 hours.

In order to satisfy these requirements, a variety of instruments and sampling
techniques were utilized.

The requirement for a site perimeter air monitoring system was met through
the use of a Foxboro Miran 801, a user-programmable, multi-station {mnfrared
snalyzer. The purpose of this requirement was to monitor any migration of
organic vapors from the work site which might be occurring as & result of the
field activities.

. Twelve stations were located around the periphery of Site 2-1, each 300

K apart (from a center point). Each of these stations consisted of a filtered

hose outlet which was located approximately 3' above ground level and

connected with an uninterrupted length of tubing around the site to the

infrared analyzer. A separate length of tubing was run from each of the

; sampling statfons. The stations (and sequence) to be sampled were programmed

into the machine based upon the wind direction (obtained from the on-site

weather station) and set to begin cyclic sampling for aromatic hydrocarbons

) ‘ resembling benzene, chlorinated hydrocarbons resembling chloroform, and

' phenol-1ike compounds resembling pure phenol. These three compounds were

chosen as representative of the organic contaminant families which were

expected to be found at the site. A vacuum pump rmcd representative air
samples through the tubing and into the infrared amelysis cell.

Data resulting from the analyses were printed on the programming terminal.
Each samp)ing required approximately 2.5 minutes; in this manner, & near real
time data output was achieved. The data output listed station number, time
of analysfs, end concentrations of benzene, chicroform, and phenol fn the
sampled afr parcel.

The Niran 801 was calibrated each using laboratory standardized gases at
varfous concentrations. The machines underwent & rigid certification
procedure by USATHAMMA to verify the quality of the data cbtaimed from fit.
The calfbration consisted of comnecting the laboratory standard
gases to the sa ing station furthest away from the amalyzer (Statiom No. 7,
wmxi-ul{ fest ) and comparing the machine print out values
agefinst the known concentration of the standard gas.

The results from the Miran 801 analyses showed sfaime) off-site orgenic vapor
migration. On occasion, a station was sampled Just as & loaded truck was
V“"‘ and a high value was recorded. Alarm Tevels based on established sefe

fmits were programmed into the machine which activated an awdidle alarm
whenever the Tevels were exceeded. . This slarm sownded severs! times duwring
the course of the project. In each case the circumstance which activated the
alarm wes of short duration.

The results of this air montitoring pregrem indicated that there was wminfmal,
114 u?. omnn:f‘:'f"-ﬂu pon::nl mult:.a‘.'fn‘- u'o m"otiu of
organic vapers. escepe concentrs evels of organic vapors
from the site can largely be attributed to the relatively Yow evolution of
Ma concentration gonerated by the work activity, as well as the high
rate of dilution which resyited from the wind and open atmosphere of the site.
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The second air monitoring instrument that was used at the site was the
Century fc Vapor Amalyzer (OVA). This {nstrument {s a lightweight,
portable flame fonfzation detector which was used as a supplement to the
Miran 80) to provide real-time data on afr quality in the various work
zones. The OVA operates by sampling the air continuously via an internmal
battery-run pump. The afr sample s routed to a flame {fonization chamber
where 1t is mixed with a stream of hydrogen gas and burned. An electrode in
the flame fonization chamber detects the amount of “burning® (or ionfzation)
occurring and registers this as the amount of total organic vapor in the air
stream. The results are registered on a hand-held meter. When the OVA {s
operated in this fashion, it {s termed the Survey Mode and provides an
instantaneous (spproximately two-second lag time) readout of the apparent air
quality in any given area.

The OVA was used by the Site Safety Officer to measure genera) air quality at
the various work statifons on the site. It was used principally at the
excavation face to monitor the instantaneous release of nics as the
buried wastes were uncovered. The measurements were used by Site Safe
Officer as supplemental information to the Miran 801 data to ensure personne
protection on the site. The OVA was also used during the initial entry
operations to augment the Miran 801 data to assist in dectsion logic of
whether air quality met the OSHA 1imits.

The OVA was used by the Site Safety Officer to assist in accurately assessing
the nature of the chemical hazards encountered at the site. This mode of
operation is termed the Gas Chromatography (GC) wmode which utilizes standard
gas chromatography packed columns and allows the user to inject unknown gas
samples into the OVA and obtain a printed chrometogram which is then compared
to the chromatograms of known gas standards.

It should be noted that use of the OVA was not a contract requirement and
that the methodology utilized was not USATHAMA certified. However {n
circumstances where both modes of analysis were ut{lized, the data cbtained
from the OVA was in general substantiated by the Miran 801. The instrument
provided timely information which afded in the field decision processes.

The third component of the air monitoring program at ANAD was the persomnel
monftoring system briefly described earifer. Sasically, this system
consisted of a hgh-flow and low-flow air _‘-'31 pump which pulled afr
through two separate capture media. The tw & were: 1) two carbom
sbsorption tubes placed in series to cepture the volatile organics and 2) 2
methanol-sodium Rydroxide solution in an impinger to capture the phenol
vapors. This se was worn by site persommel at each work zome for the
of monitoring & time-weighted ¢ to the measured constituents.

nedia was placed 1n the worker bresthing zone. In addition, a permenent
mm-&.m was placed in the backhoe and at the excavation fece
measure smounts of contaminants at these two locations. The sampling
media were sent by Dus in & lTock box to Enviroamental Health Laboratories, a
certified industrisl Nygiene lsboretory located in Macon, Georgla, fer
analysis esch day. The results wers then sent dack to the Site Safety
Officer to augment the Safety Plan and for future reference fn WESTON's

Corporate Safety Program.
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In order to complete closure of the two excavation sites at the Anniston Arwmy
Depot, it was necessary to {mplement a ing and analytical plan to
deterwine the concentrations of specific res mq contaminants in the sofl
subsequent to excavation operations. The levels'of residual contamination
indicated whether further excavation was warranted \or whether closure could
be implemented. The original Closure Plan, as specikied by the Request for
Proposal, required that the entire site be excavated to two feet below the
apparent bottom of the trenches and allowed to remain exposed to the
atmosphere for a minimum of 30 days in order to allow residual organics to
volatilfze. After this period, representative sofl les were to be
obtained and analyzed for specific contaminants via THAMA certified
wmethodology to establish the effectiveness of the excavation process.

As a result of discussions with the Alabama Department of Environmental
Management, USATHAMA and the Project Officer for the Corps of Engineers,
WESTON was allowed to implement a phased closure of the site. In this
approach, soil samples were obtained from the trenches which had been
mﬂousiy excavated and closure procedures were approved based on the
results of the analysis of these sof) samples. In this manner, specific
treiches were being subjected to closure operations while additional trenches
were being excavated. These procedures allowed optimal use of on-site
personnel and equipment. Phased closure of the trenches also minimized the
area of excavation which was subjected to the high intensity rainfall that
occurred during the majority of the excavation activities, thus minimizing
the quantity of contaminated stormwater which required treatment prior to

disposal.

Individual closure plans, including the sofl analyses of the specific

areas involved, were submitted to State persomnel for written approval or
to initfatfon of actual closure procedures. WESTON's authorization \to
initiate findividual closure activities was received from the COE si
representative only after written approval of such activities had been.
received from the te of Alsbama Department of Environmental Msnagement. ‘

The USATHAMA certified sofl analysis program indicated that, in general, sofl
contaminant Tevels fell dDelow analytical detection Vimits and therefore
most areas of the trench bottoms on Site Z-1 required no further excavatiom.
isolated sreas in Trenches 4 and 1 demonstrated elevatad organic
concentrations. Sofl from those areas indicating a potentially high Yevel of
contamination was scraped via bulldozer end removed with a ba to & level
Wﬁn&l two feet below existing grede to remove residual
sation. t-excavation readings with the OVA were compared with that
of background readt in the “clean” trench areas. ithen these readings
mucl“ the Tevels comsistent with background, the treach area was
tted for closure. Upon State and COE written al, the trenches
were closed. Isolated sofl samples were cbtained the “hot spots”
famedistely after the scraping operation and submitted along with the samples
obtained prior to scraping. xou samples verified the OVA results.

\
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During the excavation/closure proceedings, contamination was prevented from
migrating from working areas into previously excavated areas by means of
berms and visqueen cover. As an additional measure to ensure removal of any
potential contamination, the bottom of each completed trench was scraped
prior to harrowing.

After all trenches were excavated, the exposed soil was harrowed to a depth
of approximately six {inches to permit volatilization of any remaining
contamination. After an exposure period of at least two weeks, the soil was
covered with a visqueen seal until closure was completed.

* DEMOBILIZATION AND SITE RECLAMATION

o d

After completion of the trench excavation, removal of all other potentially
contaminated soils and receipt of appropriate approvals, the work site was
demobilized and the reclamation program was instituted. The objectives of
this phase were to clean and remove work equipment and restore the disposal
site for any future use.

A1 equipment employed within the original 2ome of contamination (the “hot
zone") was decontaminated and removed from the site. Decontamination
activities were performed on the existing decontamination pad. All visible
contamination was removed by application of high-pressure water. The surface
was then rinsed with an appropriate decontamination solution as defined in
the Technica) Plan. After all contaminated site equipment was cleaned, the
decontamination pad was washed down.
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A1) potentially contaminated materials within the “hot zone" were removed
prior to demobilization. Mterials within the holding pond were solidified
and the contaminated pond sediment was excavated for disposal. The gravel
road leading to the decontsmination pad was excavated for disposal. Any
‘ remaining miscellaneous materials which could have been potentially
. contaminated were removed for proper disposal.

Mater from decontamination activities was collected in the existing decon-
tamination sump and transported to the Depot wastewater treatment facility.

Studges remaining in the sump were removed for disposal by the vacuum truck.
The pad was bulldozed and Yoaded onto trucks for disposal at the Depot refuse
disposal facility.

The four operations tratlers adjacent to the excavation were dismantied and
removed to the truck staging area. Upon completion of all site activities,
they were ultimately removed from the Depot. The command trailer remained in
place until the conclusion of all site activities, including reclamation.

After 2l contaminated materials were removed and trailers were relocated to
the staging area, reclamation of the site was {initfated. Reclamation
consisted of comstruction of a compected cover over the original trenches,
topographic modification and revegetation.
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Borrow matertal for reclamation was obtaitned from areas adjacent to the
site. The hill south of the site contributed most of the borrow materials.
Minor amounts of fi11 were obtained from areas north of the excavated area.

Materials from the borrow ares were removed in a manner which prevented the
destruction of existing monitoring wells. Excavation in the vicinity of the
wells allowed an undisturbed area to be left around the wells to prevent
damage by heavy equipment. The remaining soil surrounding the wells was
removed by hand to a level equivalent to the constructed grade elevation.

Top soil for final covering of the reclaimed area was scraped from the hill
south of the site and stockpiled for later use. Underlying soil from the
hi1) was then excavated for use as fill,

Movement of borrow materials to the excavated areas was iccomplished by means
of two pans. Prior to inftfation of the filling operations, the temporary
gravel road north of the site was scraped and the gravel was removed to a
storage area for later use. The origina) road was regraveled subsequent to
the completion of the finished grading.

As the borrow materials were emplaced into the trench, they were compacted
with a sheepsfoot roller. The roller was utilized continucusly as materials
were delivered to the site to provide compactfon of all disturbed sofls.
These codlpa'cud clay soils provided a relatively impermeadble cap for the
excavated site.

Materials wers deposited so as to achieve a “naturalized” topography.
excavated area was backfilled to form a gentie slope (less than 20:1).
steeper siope will conform more closely to existing natural topogr .
oversll effect of the grading was to achieve a shallow westward siope wi
approximately parallel contours which steepen slightly on {ts western edge
permit good drainage over the site into a natural drainage way.

g7

After the final contours were roughly graded, top sofl! was spread across the
site. Top soi) obtained from adjacent areas was emplaced uncompacted, across
the original site.

After the topsoil was emplaced, the ares was fertilized with 600 per
acre of 13-13-13 fertilizer and agricultural lime was added at pounds
per acre. A seed mixture of 30 percent Kentucky 31 Tall Fescue and 70
percent Nulled Bermuda was applied at 60 pounds per acre. The seeded area
was then mulched with one and one half tons per acre of straw or hay sulch
applied simultanecusly with the grass seed.

Lt
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INCINERATION OP EBXPLOSIVES
CONTAMINATED SOILS

by

John W. Noland, P.E,
Senior Project Engineer
Roy F. Weston, Inc.
and
Wayne E. Sisk
Project Officer
USATHAMA

INTRODUCTION

The U.S. Army Toxic and Hazardous Materials Agency (USATHAMA),
located in the Edgewood area of Aberdeen Proving Ground, Mary-
land has dual Army responsibility for lethal chemical demili-
tarization and installation restoration. It also serves as the
lead agency within the U.S. Army Materiel Development and Read-
iness Command (DARCOM) for pollution abatement and environmen-
tal control technology development.

In this role, USATHAMA routinely conducts generic research and
development (R&D) studies with wide application to current U.S.
Army environmental problems. The incineration of explosives con-
taminated soils (IECS) project is an example of one of the many
successful R&D efforts USATHAMA has conducted throughout the
years,

BACKGROUND

Large guantities of wastewater are generated during the manu-
facturing of explosives and propellants; the loading, assembly,
and packing of munitions; as well as demilitarization and wash-
out operations. These wastevaters (referred to as °"red water"
or "pink water® due to their characteristic color) contain var-
ying concentrations of explosives. Standard practice in the past
has been to dispose of these wastewaters in settling lagoons at
various U.§8. Arzmy installations. Although current practice pro-
vides for in-plant treatment of these wastewaters, the inactive
settling lagoons at numerous U.8. Army installations are a
source of potential groundwater contamination.

1-4007-4390A




USATHAMA is currently evaluating a number of potential remedial
action options for future implementation. One option has emerged
as the most promising in the near term (i.e., for installations
trequiring remedial action within the next five years). This op-
tion is excavation of the soils, followed by thermal processing
in a rotary kiln incinerator. The U.S. Army routinely inciner-
ates pure explosives and propellants; however, previous to this
project this technology was undemonstrated on explosives con-
taminated soils.

PROJECT OBJECTIVES

“The objectives of the Incineration of Explosives Contaminated
" Soils (IECS) project were as follows:

*® The primary objective of these tests was to demonstrate
the effectiveness of incineration as a decontamination
method for explosives contaminated soils.

R The secondary objectives of the project was to:
- Develop a data base and appropriate correlations

for designing and predicting the performance of
the incinerator as a decontamination nethoq;

- Determine the fate of the explosives and metals
in the contaminated soils during/after incinera-
tiog;cq;xd

- Measure pollutant levels in the stack gas to de-

termine the air pollution control devices that
would be required for incinerators that may be
used in the future to incinerate explosives con-
taminated soiloxﬁ

PROJECT DESCRIPTION Y

In August 1982, USATHAMA commissioned Roy F. Weston, Inc.
(WESTON) to develop and implement a program to demonstrate the
effectiveness of rotary kiln incineration in decontaminating
explosives contaminated sofils. This program consisted of seven
tasks:

) Task 1 - Incineration Equipment/Test Site Selection.
® Task 2 - 80il Characterization/Reactivity Testing.
® Task 3 - Development of Detailed Test Plan/Safety Plan,
° Task 4 - Environmental Permitting.
° Task 5 - Evaluation of Materials Handling Procedures.
® Task 6 - Incineration Testing.
] Task 7 - Evaluation of Results.
1-4007-4%90A
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The IECS Project Schedule is presented in Pigure 1. The follow-
ing subsections summarize the results of the previously nmen-
tioned seven tasks.

INCINERATION EQUIPMENT/TEST SITE SELECTION

+ After a comprehensive survey of rotary kiln manufacturers to
. determine the availability of appropriately sized test units, .

ThermAll, Inc. of Peapack, New Jersey vas selected as the in-

cinerator subcontractor for the project. A major innovation of

‘y this project was the decision to use a "transportable” inciner- .

" ator (i.e., equipment disassembled, loaded on trucks, shipped :

. to the test site, and reassembled) as opposed to a "mobile” In- b3
cinerator (i.e., truck mounted) or shipment of the contaminated :
soils to a commercial facility. . n

- The test site selected was a U.S. Army installation in Illinois }
k S which provided the following advantages: '

° Remote location well isoiated from populated areas.
° Close proximity to contaminated soils. y
. Well controlled access and security, =

T SOIL CHARACTERIZATION/REACTIVITY TESTING

{ In order to maximize the usefulness of the results of the proj- :
{ ; ect, USATHARA decided to test contaminated lagoon soils from two &
: separate installations with widely varying characteristics (see o
Table 1). The two installations selected provided ranges of soil -

characteristics typical of most other U.S. Army installations.

FRER .
1 BT TP R o
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Table |

Characteristics of Bxplosives Contaminated Soils .
' Description 8oil Type "A* soil Type "B* :
t Soil Matrix sand Clay
Moisture Content 12 - 268 25 - 308
! Ash Content 44 - B8 54 -~ 660 |

4 (as received)
Explosives Contentl
(dry basis)

- TNT 9 - 4l 5 - 14%
- - RDX <0.028 3 - 108
i - HMX Not Detected 0.6 - 1.4%
i - Other <0.03 <0.06% |
o - Total Explosives 9 - 41% 10 ~ 228
Heating Value 50 - 2,400 Btu/lb 600 ~ 1,200 Btu/lb

(as received)

S SRS

-i , 1see Table 2 for the molecular structures of the explosives. *
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The contaminated lagoon soils are hazardous because they exhibit
the characteristic of reactivity (i.e., potential for detonation
or explosion). Testing conducted at Allegany Ballistics Labora-
tory (ABL) in Cumberland, Maryland confirmed that the lagoon
8oils are reactive and that special precautions were required in
developing materials handling procedures and equipment design.

DEVELOPMENT OF DETAILED TEST PLAN/SAPETY PLAN .

In order to provide for meaningful evaluation of the incinera-
tion test results, a test plan was developed and certain key
partameters were selected to be controlled and held at various
levels during the testing. These key parameters vere:

° Soil feed rate, ‘
° Temperature in the primary comsbustion chamber. i M
° Temperature in the secondary combustion chamber.

These key parameters were selected since they directly relate
to the economics of incineration (i.e., how much can be burned,
now quickly can it be burned, and how much fuel is required?).

Other test variables were held constant to the extent possible.
Test variables that could not be held constant vere measured
during the test as illustrated in the test plan schematic dia-
gram (Figure 2).

."-"e!r'lq.‘ahar .

Prom the outset, USATHAMA assigned personnel -atot{ the highest
priority for this project. In this regard, a detailed site plan
and safety submission were developed and reviewed and approved
by the Department of Defense Explosives Safety Board.

ENVIRONMENTAL PERMITTING

Recognizing the importance of PFederal and state environmental

concerns, the IRCS project was structured to be fully responsive .

to the requirements of the Resocurce Conservation and Recovery e
Act (RCRA) of 1976 and the Illlinois Air Pollution and Hasardous T
Waste Management Regulations. As shown in the project schedule, L
the environmental peraitting vas an extremely rigorous and time- . -
consuming process.

1-4007-4596A




o 1O

i
i

4]
R
RRRRRR

|




EVALUATION OPF MATERIALS HANDLING PROCEDURES

The primary objective of this task was to evaluate, design, and
implement materials handling procedures that emphasized person-
nel and environmental safety. There were four major goals:

° Minimize personnel contact with the lagoon soils.

° Avoid confining the lagoon soils (which could lead to
detonation).

) Avoid any initiating forces (i.e., friction, heatti.qg
under confinement, etc.).

® Contain any spills and minimize contamination of clean
areas.

The test plan was developed assuming the use Of a screw conveyor
to feed the contaminated soils into the incinerator. However,
subsequent soil reactivity testing at ABL led to cancellation of
the screw conveyor due to safety considerations. A soils han-
dling protocol and a bucket feed system was designed specifical-
ly for this test program which met all of the test objectives
and safety requirements. During the course of the test program,
the feed system cycled over 4,000 times without a single fafl-
ure. The bucket feed system is illustrated in Pigure 3.

INCINERATION TESTING

The incineration testing commenced on 19 September 1983, Nine-
teen daily tests vere completed in 20 consecutive calendar days
with no time lost due either to incineration or sampling equip-
ment failure. Table 3 provides a summatry of the test conditions
for sach of the 19 runs. 8ince explosive contaminated soils had
never been incinerated before, a preliminary test run (Test Run
No. 1) was conducted at the proposed maximum feed rate (500
pounds per houtr) and proposed minimum primary kiln temperature
(8000F) to see if explosives breakthrough would occur in the
stack gas. MO explosives were detected in the stack gas; how-
ever, expiosives were detected in the kiln ash, fabtic filter
ash, and in the flue gas entering the secondary chamber. There-
fore, subsequent test runs were conducted at lower feed rates
and higher primary kiln temperatures to ensure that explosives
would not be emitted to the environment.

1-4007-4590A
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After the formal testing was completed on 8 October 1983, an
additional 25,000 pounds of lagoon soils were incinerated from
10 to 15 October 1983 (64 actual hours of incinerating soils).
The objectives of burning the additional lagoon soils were two-~

fold:

RESULTS

Thermally treat all lagoon soils that had been exca-
vated but not required during the formal testing.

Determine the operational characteristics of the in-
cinerator system under a long-term, steady-state pro-
duction mode of operation.

The IECS test project was extremely successful as demonstrated
by the following results:

It was demonstrated that a "transportable® incineration
system could be disassembled, transported approximate-
ly 1,000 miles, be reassembled, and fully operational
within two weeks.

Nineteen days of formal testing were completed within
20 consecutive calendar days with no lost time due to
equipment failure.

An additional six days of operation were performed at
steady-state conditions with no downtime due to equip-
ment failure or malfunction.

An explosives destruction efficiency of greater than
99.99 percent in the primary kiln ash,

An explosives destruction efficiency of greater than
99.9999+ percent in the fabric filter ash.

NOo detectable explosives in the stack gas. Therefore,
an overall destruction and removal efficiency (DRE) of
100 percent.

sStack emissions were in compliance with all Pederal and
state regulations including:

sulfur dioxide (803),
Hydrogen chlocide (HCl).
Oxides of nitrogen (NOyx).
Carbon monoxide (CO),
Particulates.

1-4007-4590A
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] Ash residues are not hazardous due to the characteris-
tic of EP toxicity or any other criteria, and applica-
tion has been made to the Illinois EPA to land apply

the ash residues in an area adjacent to the incinera-
tion test site.

3-4007-4590A
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POLYMERIC LINER SELECTION
FOR MILITARY WASTE IMPOUNDMENTS

Jonathan W. Braswell, Gregory M. Gibbons, Timothy G. Shea, Ph.D.
Engineering-Science
10521 Rosehaven Street
Pairfax, Virginia 22030
(703) 591-7575

INTRODUCT ION

The use of polymeric membrane liners to line or cap waste impound~
ments is receiving increasing attention. The liners are essentially
impermeable to water and thus are assumed to be capable of providing
complete containment of the waste fluids; however, while polymeric
membrane liners have been used successfully for many years in water
impoundments, little experience is presently available for the use of
these liners with wastes. Of particular concern is the effect of the
contained waste on the physical properties of the liner material -ft.ho
compatibility of the liner with the waste. Moreover, the compatibility
testing performed to date has utilized methodologies unique to each
investigation, and published results tend to be general and inconclu-

sive,

~Until the last decade, lagooning was the accepted method of
disposal of wastewaters from the manufacture of munitions. As a result,
explosive compounds such as TNT and RDX are found in many of the lagoons
that have been used by the Army for this purpose. Because these
compounds have been defined as hasardous under RCRA, it may be necessary
to remove, transport or dispose of the lagoon sediments or the residuals
from the treatsent of these sediments from sany of the lagoons.

It wvas assumed that synthetic liners would be used in many of these
clean-up operations, but synthetic membrane liners may or may not be
compatible with the chemical compounds found in these sediments, Based
on existing compatibility data, there is reason to believe that solvents
such as TCE would be deleterious to the service life of co-nrdalxy
available synthetic mesbrane liners. The available information on the
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compatibility of synthetic liners with the explosives such as TWT and
RDX is limited and contradictory.

The described work was performed for the United States Army Toxic
and Hazardous Materials Agency as part of their In-8itu Treatment
Technology Program. -“This work was done to provide initial polymeric
liner compatibility data for selected explosives and solvents, in order
to determine the applicability of polymeric liners for the cleanup and
restoraticn of impoundments containing wastes from the manufac:ure of

explosives,
MANUPACTURE OF POLYMERIC LINERS

The synthetic liner industry has a distinct three-step hierarchy,
and a knowledge of the orqganization and flow of goods in the industry is
necessary for the selection of candidate liners for compatibility

testing. The three levels in the industry are:

1. Manufacture of resins;
2. Manufacture of roll goods; and
3., Pabrication of sheets.

A single company may perform more than one of these functions. 3Some
roll good producers also fabricats sheeting or msanufacture their own
resin. In general, however, the manufacturing process follows the above

sequeance.

Synthetic liners are classified by the base polymer. In blends or
alloys the main polymer is used for classification. Dus to the apecific
formulation produced by each manufacturer, the properties of one
sanufacturer's resin may 4iffer from the same typs of resin produced by
another manufacturer. Resin manufacturers produce the rav materials
(polymers) that form the base of the mesbrane. To the basic polymer
{(e.g., polyvinyl ochlorids or clhlorinated polysthylene), the resin
sanufacturess add compounding ingredients specific to their formulatiom.
Comgounding ingredients include plasticisers, orosslinking (wulcanizing)
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chemicals, carbon black, pigments, fillers, biocides and antidegradents.
The resin is sold to a roll good producer or used internally.

Roll good manufacturers use the resin to produce rolls of liner
material. The roll good sanufacturer will add to the resin additional
compounding ingredients specific to has formulation and then form this
mixture into rolls of material. The asaterial is either extruded or
calendered (rolled) into panels four to six feet wide and of varying
length., Roll goods (liners) are produced either with or without rein-
forcing. Unreinforced (unsupported) liners are calendered or extruded
in varying thicknesses., Typical thicknesses for most commercial liners
are 15, 30 and 45 mils. Thicker liners are made by plying sheets of
matarial. Reinforced (supported) liners can only be made by calen-
dering. A fabric (weave) is sandwiched between two layers of the
membrane material. The normal thickness for a reinforced liner is 36
mils.

tach manufacturer of roll goods adds compounding ingredients for
their specific formulation; therefore, the characteristics of liners in
the same class may vary froam one manufacturer to another. Additionally,
the compatibility of different manufacturers' products say differ with a
given chemical, temperature and exposure snvironment,

The final step in construction of most membrane liners is the
fabrication of large sheets of material. A sheet fabricator seams rolls
of liner material into large panels, often 70 to 100 feet vido and of
varying length. The length is dependent on maximum total weight allowed
for transport and for ease of installation. The panels are made as
large as practical, utilising as many factory seams and as fev field
seans as poesible. MNinimizing the number of field seams hoth facili-
tates installation, and factory seams are preferable to field seams
because they are made under controlled conditions and thus are of better
quality.

Por high density polyethylene (HDPE), there is no production of
roll goods and subsequent factory seaming to fabricate sheets. NDMPR




sheets are extruded directly at widths of 22-1/2 and 34 feet without
seams. These sheets are then seamed in the fiell during installation.

The seams in a liner often are the weakest point. Seaming tech~
niques vary with liner material, fabricator and installer preference. A
brief definition of the five commonly used seaming tschniques follows:

0 Thermal Weld - the process of joining thermoplastic sheets by
the heating of areas in contact with each other to the tempera~
ture at which fusion occurs. The process is usually aided by a
controlled pressure.

o0 Dielectric Weld - a heat weld vhere the heating is induced
within sheets by means of radio frequency waves.

o Extrusion Weld - a heat weld where molten membrane material is
injected into the sean. Extrusion welds are used with HOPE
liners.

o Solvent Weld - the process of joining sheets by applying a
solution of the liner compound emulsified in a solvent to areas
in contact with each other. The solvent evaporates leaving a
homogenous weld of the liner msaterial, usually aided by
controlled pressure.

o AMhesions - the process of joining sheets using specifically
foraulated flues ¢to form a bond or seal, usually aided by
controlled pressure.

LINER TYPES

Liners are classified by the main polymer utilised in their formu-
lstion. Table V' is a description of the 10 liner types commercially
available today and includes the abbreviation used for each. These
liners are typically used for lining ponds and lagoons (except for
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polypropylens). The composition and relative advantages and disadvan~
tages for each type of liner are also suamarized in Table 1.

Table 2 is a listing of the roll good producers (and resin manu-
facturers) by type of liner. There are three amain producers of roll
goods for PVC, PVC-OR, HBypalon and CPR: Mainline; Pantasote; and B.P,
Goodrich. Two resin manufacturers supply all the rav saterials for
Rypalon and CPE: Dow (CPEB); and duPont (Hypalon will be made under a
duPont patent until 1985). BEthylene interpolymer alloy (XR-S) is
produced by only one firm, Shelter-Rite. XR-5 is a patsnted formulation
of Shelter-Rits that reportedly has enhanced chemical resistance
properties. EPDM is the only rubber liner material currently produced
by wmore than one roll good manufacturer; namely, B.F. Goodrich and
Carlisle. Rubber liner materials have been replaced in general usage by
the wmore resistant plastic formulations. A single producer of poly-
propylens is included: General Tire using Hercules resin. Polypro-
PYlene is currently in the developmental stage for use in lining
lagoons. It is widely used in tank lining because of its chemical
resistance properties; howewer, it is not a feasible alternative for

laning lagoons today.
EXISTING COMPATIBILITY DATA

Manufacturers are the primary source of liner compatibility data.
Data is dewveloped through manufacturers' specific testing, thus there is
little agreement on “compatibility rating® oriteria and ratings are
often unsubstantiated with hard data. As detailed later in this paper,
a standard, asccepted test procedure has not been used in developing
compatibility data, thus it is difficult to compare manufacturers' data
bases .

General product material compatibility with specific compounds is
useful in preliminary selection of liners for known vwastes (with
chemical breakdown of constituents). The Plastics Technical Evaluation
Center (PIASTEC) of the U.S. Army Armament Nesearch and Development
Command (AARADCOM) located at Pioatinny Arsenal in Dover, Wew Jersey has
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TABLE 2

LINER TYPES AND MAJOR MANUPACTURERS

ROLL GOOD
TYPE PRODUCER RESIN
B. F. Goodrich B. P, Goodrich
PVC Mainline B. P. Goodrich
Pantasote Pantasote
B. P. Goodrich B. P. Goodrich
PVC-0R Mainline B. P. Goodrich
Pantasote Pantasote
Stavens duPont
Hypalon Pantasote duPont
(CSPE) B. P. Goodrich duPont
Mainline Dow
CcpE Pantagote Dow
B. P. Goodrich Dow
HDPR Schlegel Schlegel
Gundle Phillips
Ethylene Shelter~Rite Hooker, Perro
interpolymer
alloy
2P0 Carlisle Proprietary
8. F. Goodrich
Butyl Carlisle Proprietary
Neoprens Carlisle duPont
Polypropylene General Tire Hercules
SOURCE: Telephone interviews and product brochures
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done extsnsive work in ocompiling compatibility data for polymers with
energetics. Information has been gathered from reports and organised
into a computsr data base called COMPAT., Xay words are used to retrieve
the results of pertinent studies for a polymer material combination.

Table 3 is a susmary of the results of a computer data base search
performed by PLASTIC for polymer compatibility with TCE, TWT and RDX,
Results of each study are listed by PLASTEC as being either compatible,
sarginally compatible, or incompatible. Thers were no data for ICE
compatibility with the candidats liner types and data for THNT and RDX
were limited to PVC, Nypalon, BDPE, EPDM and Meoprene. Nypalon and HDPE
wera noted as compatible for TWT in the studies; however, conflicting
compatibility results were reported for TWT with PV, EPDM, and
¥eoprene. EPDM and Neoprens wers noted as compatible for RDX, while the
results were conflicting for PVC and HDPE with RDX.

TEST SELECTION

Bven vhen a polymeric liner has been properly installed, a failure
of the liner can result from loss of liner integrity due to weathering
or incompatibility of the liner with the chemical components of a wvasts.
The selection of an appropriate liner must therefore focus on the degree
to which the candidate liner can maintain its integrity over the
projected life of the containment facility. Because liner performance
data are limited, ‘olocuonl should be based in part on the results of
exposure testing that simulates projected conditions.

An exposure tast should be designed ideally as an accurats model of
the intended application. The test should yield sufficient data that
the results can be projectsd over the anticipated life of the faciliity,
and the results should be useful for prediction of actual field perfor-
mance. Unfortunately, because of the large number of variables that can
affect liner integrity and the limited field data available on liner
performance, no such liner exposure test has been developed. A a
tesult, it is necessary to utilise a test prooedure that best reflects a
projected exposure condition and long-term liner performance. MNoreover,
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TABLE 3

PLASTEC COMPATIBILITY DATA SEARCH RESULTS

LINER Chemical

TYPE ce ™T RDX
PV %o data Conflicting data Conflicting data
PVC-OR ¥o data No data No data
cre No data No data No data
Bypalon No data Compatible No data
HDPE No data Compatible Conflicting data
RS No data No data No data
PO No data Conflicting data Compatible
Neoprene No data Conflicting data Compatible

SOURCE: PLASTEC, "A Compatibility Data Search, Plastic Materials vs.
Energetics®, 3 June 1982, ARRADCOM, Picatinny Arsenal
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the test procedure should be based upon accepted methods and have
sufficient definition and control of test variables for reproducibility
of results and comparison with results from other tasts.

Laner Exposure Hethods

Laner compatibility testing procedures focus on the method used to
axpose the liner samples to the test waste. Standard procedures for -

exposing liner samples to test wastes have only recently been developed.
As a result, a wide urzccy of exposure sethods and test variables are
still being used. A majority of the liner exposure methods that have
been used are adaptations of the American Society for Testing and
Materials (ASTM) Method D-471' (Rubber Property Effect of Liquids), and
ASTM Method D-54) (Resistance of Plastice to Chemical Reagents). These
immersion tests, which are summarized in Table 4, have been used for
both initial and long-term evaluation of liner compatibility.

In this type of test, specimens of a liner are imsersed in the test
vaste and, aftar given exposure times, the liner specimens are removed
and the changes in weight, dimensions and tensile properties are deter~
sined. Most ifmmersion tests use the same immersion procedure; however,
the test temperature, duration and evaluation criteria differ.

MoSt immersion tests are run at both ambient (23°C) and elevated
temperatures. The elevated temperature is intended to simulats adverse
conditions and to accelerate any deleterious effects that the waste may
have on the liner. Unfortunatsly there is no concensus as to wvhat this
elevated temperature should bs. As & result, elevated tast temperatures
used vary from 50°C to 100°C for the identified tests. The ASTH methods .
recommend exposure of materials at higher temperstures if elevated
tamperatures are expected in service.

Rach immersion test uses a different test duration., The exposure

period for loag-term tests tends to vary from one to four months)
however, exposure periocds of one year or longer have heea used. In all
cases liner specimens are testad several times during the test so that




the effect of the waste on the liner can be determined as a function of
time. This procedure allows one to determine if the liner stabilites
after a given length of time.

There are not consistent criteria for evaluating the test results,
specifically with respect to what degree of change is acceptable. For
example, while one supplier uses compatibility criteria of no more than
3-percent change in weight and 10-percent change in tensile properties,
another will allow a change of approximately 20-percent in analysis
properties (assuming that the analysis results have stabilized).

In addition to immersion tests, a number of other exposure methods
have been developed and used in attempts to more closely simulate actual
field conditions. These additional tests are listed in Table 4 and can
be characterized as landfill simulation, weathering and permeability
tests.

Landfill simulators permit the liner to be exposed Co & stratified
or solid waste and to a hydraulic head. Llandfill simulators have been
used for long-term, research-oriented studies of one year to three
years. By their nature, landfill simulators do not permit temperature
to be controlled and intermediats assessaents of replicate systems are
expensive,

Weathering tests ars used to address what cosbined effect a waste
and climatic variations has on a liner. One supplier uses a heat lamp
on a laboratory scale to simulate the effect of waste stratification and
niltra-violet light on a liner. On a larger scale outdoor wasts tanks
and an exposure period of four years have been used to evaluate
weathering effects, and DSST Laboratories has developed a patented,
ASTM-approved, accelerated weathering test (which does not include
exposure to wvaste).

The only ssabrane liner wasts permeability test reported in the
literature was a pouch test. In this test, vastes wvas sealed in a pouch

[ _anatlil LSRG
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made of a liner specimen and the pouch was iamersed in de-~ionized water.
Q‘ The flows of ions and water across the liner were then monitored.

N

.
i
¥

TEST METHOD EVALUATION

Liner Exposure

Of the identified liner/waste exposure wmethods, only immersion

tests and landfill simulator tests have been used extensively. Although

Ty weathering can have a significant effect on the long=term liner

integrity, its impact is highly site-specific and difficult to simulate.

Only the DSET laboratories test is a fully documented and ASTM-approved

; procedure for measuring the effect of weathering, but it is only

. applicable to the simulation of weather effects and cannot be used to

mesasure waste effects. Because of the inherent impermeability of

polymeric liners, permeability is not considered tc bs a meaningful !

evaluation crateria (NSP). Additionally, no direct permeability test

r procedure is available. There are insufficient data on the pouch tast

* to define what is measured by this procedure or its significance. Even

b though landfill simulators are desigqned so that leachate can be

collected, permeability data from landfill saimulators have yet to be
published.

3 ; Immersion Tests

P 3 the compatibility of polyweric liners with a test waste solution. This

: .' " procedure evolved from standard ASTM test procedures for determining the

x ’ ’ compatibility of plastics and rubber with chemicals. A standard test

315 protocol for liner compatibility with wastes has been recently proposed J

% | by the SP, In addition to wide acceptance, the key asdvantages of
immersion tests are the ability to fully define Cest parameters, limited ‘ {
exposure time and conclusive results. The key disadvantages are that
field conditions cannot be fully sisulated and solid or seami-solid
wastes are difficult to test.

-
it Iamersion testing is the only widely-used procedure for determining ]
|
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Because liner saamples are exposed by immersing them in a test
solution containing the wvasts, the area, equipment and waste gquantity
needed for immersion tests are small. As a result, it is feasible to
expose multiple samples of a liner to a large nusber of variables such
as waste concentration, exposure tise, waste temperature and seam type.

Although exposure times of up to one year have been used for
immersion tests, periods of one to four months are commonly used because
any loss in liner integrity resulting from chemical reaction generally
occurs within a short exposure time. Based on the compatibility data
published by Exxon, the loss of integrity typically occurs within a
sonth with concentrated chemicals. Additionally, accelerated exposure
testing by increasing the temperature of the waste is used in both the
initial ASTM procedures and in the proposed WSF test protocol.

Ismersion tests, although widely used, do not simulate actual field
conditions. In particular, the interface between the waste and
atmosphere cannot be dQuplicated and the effect of waste concentration
gradients on the liner cannot be investigated. As a result, some
concern has been raised as to the degree that immersion test results can
be projected to actual use. A gsecond key disadvantage of immersion
testing is the difficulty of using solid or semi-solid waste. Proce-
dures for conductirg immersion tests with solids or semi-solids have not
baen standardized, and it is unclear how well the test proocedure can be
adapted to solids.,

landfill Simulator Tests

Landfill simulation tests are used to simulate more closely actual
field conditions and, a3 a result, to reflect more closely the actual
effect of a vaste on & liner. 7o date only a limited number of landfill
simulator tests have been performed and a standardised or widely
accepted landfill simulator procedure has not been developed. The key
advantages of landfill simulator tests are the capabilities to simulats
sore closely field conditions and to use waste in a solid or semi-solid
state., The disadvantages are that these units lack flexibility, are

ke




expensive and the validity of the results has not been demonstrated.

Unlike immersion .usu where the 1liner specimens are simply
suspended in a test waste solution, the liner specimen serves as the
base of a simulated landfill in a landfill simulator. Factors such as
exposure of the liner to a waste concentration gradient, a hydraulic
head, and single side exposure can be simulated. It is assumed that
such tes results will more accurately reflect the interactions between
the waste and the liner that occur in actual use and, thus, result in

better predictions of long-term liner performance.

Because landfill simulators are constructed as tanks or columns
with the liner specimen locataed at the base, the liner can be exposed to
a solid waste without any special modification of the test procedure,
Thus, test results from solids exposure should be comparable directly to
liquid exposure results.

Although landfill simulators may better simulate actual field
conditions, the volumes of material and waste required are large. Thus,
fewer data points can be obtained and test variables are more difficult
to control. Because each liner specimen must be installed in an indi-
vidual test cell, a large number Of test cel)l. and large volumes of
vaste are required for a large scale test. As a result, fewer duplicate
samples can be run and fewer variables investigated. Because only one
side of the liner is exposed to the wasts, longer exposure periods are
required. In previous tests, exposure periods have been one year or
greater. As a result, much less test data can be obtained within a
given time and budget,

Of greater concern is the significance of the test results.
Landfill simsulators are still only an approximate model of actual
service conditions. Mo standardized procedure has been developed and,
until more field data are available, it will not be known how well
landfill simulators actually reflect field conditions. Additionally,
because of their size and long exposure times, it is difficult to




closely control individual test variables during the test and, as
indicated, fewer samples and variables can be run.

EXPERIENCE WITH THE NSF TEST PROTOCOL

The proposed NSF Test Protocol was selected for the liner
compatibility testing with explosives and solvents. The NSF test has
been proposed by the Mational Sanitation Poundation Joint Committes in
their Draft Final Standards for Flexible Membrane lLiners. The committee
is composed of representatives of manufacturers, regulatory agencies,
and users of liners. The standards represent a compilation of the views
and ideas of many of the leading authorities on liners.

Ismersion tests are the most widely used exposure method for liner
compatibility studies and the only exposure method for which there is a
standard procedure based on ASTH test methods. Immersion tests permit a
large number of data points to be compiled, require a limited exposure
period and permit close control over tast conditions. The major draw-
back of ismersion tasts for the planned testing is the lack of past
experience with the use of solid wasts rather than a 1liquid waste;
however, it would appear that immersion testing with solid waste would
be feasiblse.

The proposed NSPF liner compatibility test procedure was straight-
forvard and no major probleams were encountered during the testing
period, The procedure permitted the screening of over 100 combinations
of liners and test environments with good reproducibility of test
results. Specific observations on the proocedures used are presented
below. The physical setup used to immerse the liner samples worked well
apd presented few problems. The immersion jars were easy to handle and
allowed easy removal and replacement of test samples.

The most precise parametsr used was weight change; however, it was
20t possible to obtain the precision implied in the WSF procedurs for

WP e agimg g,



all liner/chemical combinations. The ¥NSF procedure does not state a
weighing precision but it does specify the use of a balance vwith a 1-ng
precision. The liner samples ismersed in watar saturated TCE would lose
weight vhile on the balance pen; thus it was not possible to obtain a
steady weight to the third decimal point. This effect was also noted
{(to a much lesser degres) with the other samples.

Because of the changing weight, any variation in the time delay
between drying and weighing would cause inconsistent weight readings.
The MSF wmethod calls for immediate weight readings because of this
condition, and a standard procedure (as standard as possible) was used.
dNonetheless, because it is impossible to reproduce exactly the drying-
veighing procedure each time, the weights may deviate becasuse of pro-
cedure as opposed to chemical effect. XEven with the preceding con-
siderations, the relative impact of weight changes during wmeasurement
was not significant.

Volume msasurement was less precise than weight msasureamesnt because
the msethod of nacuroun€ was not wholly satisfactory. The RNSF proposed
procedure specifies a dimensional measurement accuracy of 0.001 inches
using a micrometer. A micrometer (caliper) is not suited for measure-
ment of flexible material, especially to an accuracy of 0.001 inches.
To measurs length and wvadth, the samplies were held flat and every effort
vas sade to not squeese (and thus flex) the material; however, it was
impossible to completesly avoid flexing the liner sample. Also, the
potential for flexing the samples increased after they softened in the
vatar-saturated TCE solution. A second possible ssasuresment error with
the aicromster was not having it aligned perpendicular to the sample,
thus altering the measurement,

LINER COMPATIBILITY

A projection of the potential compatibility of the five liner
groups (PVC, CPE/Mypalon, XR-5, NDPR and EPOM/Mecprens) based on
previously discussed results is presented below. The wvalues are an
assesssent of the effect of the test chemicals on each liner based on
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the results of the screening test. A rating of one is used to indicate
ninimal effect and a rating of five to indicate failure of the liner.

HDPE appears to be potentially compatible with TWT and RDX, and may
be compatible with TCE., The other four liner groups also appear to be
potentially compatible with TNT and RDX; however, all four groups wers .

found to be imcompatible with 1CE,

SUMMARY OF THE IMITIAL SCREENING TEST RESULTS

Ralative Effect of Test Chemical'

Liner Group e ™mre RDX
ne 4 3 3
CPE/ftypalon S 3 2
R-S ] 2 2
RDPE 3 1 1
EPDM /Neoprens 4 2 2

' neslative effects are ranked from | (minimal) to S (failure).
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STABILIZATION OF CONTAMINATED SOILS BY IN SITU VITRIFICATION®*

C. L. Timmerman
Pacific Northwest Laboratory**
P.0. Box 999
Richland, WA 99352
509-376-4658

ABSTRACY

“In Sftu Viteification is an emerging technolo?y developed by Pacific
Northwest Laboratory for potenttal tn-place immobilization of radiocactive
wastes. The contaminated sofl {s stabilized and converted to an inert glass
form. This conversion is accomplished by inserting electrodes in the soi) and
establishing an electric current between the electrodes, The electrical energy
causes a joule heating effect that melts the soil during processing. Any
contaminants released from the melt are collected and routed to an off-gas
treatment system. A stable and durable glass block is produced which chemi-
cally and physically encapsulates any residual waste components.

In situ vitrification has been developed for the potential application to
radioactive wastes, specifically, contaminated soil sites; however, it could
0ssibly be applied to hazardous chemical and buried munitions waste sites
'T’he technoiogy has been developed and demonstrated to date through a serigs of
21 engineering-scale tests (producing 50-1000 kg (100 to 2000 1b) dlocks] and
seven pilot-scale tests [producing kg (20,000 1b) blocks], the most recent
of which illustrated treatment of actual radicactively contaminated sofl,
Testing with some organic materials has shown relatively complete thermal
destruction and incineration. Further experiments have .documented the insen-
sitivity of in situ vitrification to sofl characteristics such as fusion tem-
perature, specific heat, thermal conductivity, electrical resistivity, and
moisture content, Soil inclustons such as metals, cements, ceramics, and
combustibles normally present only minor process limitations,

Costs for hgzardous waste applications are estimeted to be less than
$175/m3 ($5.00/1€2) of material vitrified. For many applications, in situ
vitrification Gan provide a cost-effective alternative to other disposal

1

2 T
“ M, CU\»‘:*, INTROOUCT 10W

In situ vitrification (ISVY) 1is the conversion of contaminated sotl into a
duradble glass and crystaliine waste form through meliting by joule heating. The

* Nork performed under U,S. Department of Emergy Contract DE-ACO6-76RLO 1830,
** Operated for the U,S. Ospartment of Energy by Sattelle Memorial Institute.
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technology for in situ vitrification of contaminated soil is based upon elec-
tric melter technology developed at the Pacific Northwest Laboratory (PNL) for
the 1mmobilization of high-leve! nuclear waste. In situ vitrification was
inftially tested by researchers at PNL in August 1980 (U.S. Patent 4,376,598,
8rouns et al, 1983). Since then ISV has grown from a concept to an mrgi»g
technology through a series of 21 engineering-scale (laboratory) tests and
pilot-scale (field) tests. The program has been sponsored by the U,S. Depaft-

ment of Energy's (DOE) Richland Operations Office for application to the
Hanford Site,

The ISV development program utilizes three sizes of vitrification systems.
The distinguishing characteristics of each system are power level, electrode
spacing, and mass of block produced, as shown below:

System Power Electrode Spacing Block Mass
Engineering 30 kW 30 cm 50-1000 kg
Pilot 500 kW 12 m 10t
Large 3750 kW 5a 350 t

The most recent pilot-scale test, completed in June 1983, vitrified a
makeup site tn which 25 kg of sot] containing 600 nCi/g transuranic (TRU) waste
simulated a radioactive aiea (or “hot spot”). The made-up source also con-
tained mixed fission products with a total activity of 30,000 nCi/g, which
exhidited a surface exposure rate of 100 R/h before they were emplaced in the
test site. Test results showed that during vitrification the material was dis-
tributed fairly untformly within an 8 t block. Mo radionuclides were released
to the environment during the vitrification process,

With the successful completion of the radiocactive test, the focus of the
program has been directed to the design and testing of & large-scale system,

R"l 9;‘?‘“ is expected to be fabricated and acceptance-tested by early

Major advantages of in stitu vitrification as a means of stabilizing
contaminated soils are:

safety in terms of minimizing worker and pudblic exposure
long term durability of the waste form
cost effectiveness

applicability to a wide variety of sofls.

This paper describes the status of the ISY technology development program,

PROCESS DESCRIPTION

In situ viteificetion is a process for stcbnizin, and {mmodilizing con-
taminated sofl. To begin the process, which s shown in Figure 1, graphite
electrodes are inserted vertically in the ground in a square array. Graphite




Figure 1. In situ vitrification process sequence,

is placed on the surface of the soil between the electrodes to form a conduc-
tive path, An electrical current is passed between the electrodes, creating
temperatures high enough to meit the soil. The molten zone grows downward,
encompassing the contaminated sofl and producing a vitreous mass. Convective
currents within the melt distribute the contaminants uniformly throughout the
molten mass, During the process, off gas emitted from the molten mass is
collected in a hood over the area and routed via piping to a treatment system,
which scrubs and filters hazardous components. This hood, which operates under
a vacuum, also provides support for the electrodes.

The principle of operation is joule heating, which occurs when an electri-
cal current passes through the moiten media, As this molten mass grows, resis-
tance decreases. To maintain the power level high enough to continue melting,
the current must be increased. This 1is accomplished by a transformer equipped
with multiple voltage taps. The multiple taps allow more efficient use of the
power system by maintaining the power factor (the relationship between current
and voltage) near maximum. As heat losses from the melt approach the energy
deliverable to the moliten soil from the power supply, a2 melt depth limitation
is reached., When power to the system is turned off, the molten volume begins
to cool. The product is a dlock of glassy material resembling natural
obsidian, Any subsidence can be covered with uncontaminated backfill to the
original grade level.

A more detailed description follows, outlining the power system design and *
the off-gas treatment system,

Power System Design

The power system design is similar for all three scales of the ISV pro-
gram. A transformer connection converts three-phase alternating current elec-
trical power to two single-phase loads. The single-phase loads are connected
to two of the diagonally opposing electrodes, which are arranged in a square
pattern, This electrical arrangement creates & balanced electrical load on the
secondary. The even distridution of current within the molten soil results in

& vitreous zone almost cubic in shape, minimizing overlap among adjacent
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settings. Multiple voltage taps and a balanced load allow a near constant
power operation, which shortens run time and thus reduces costs.

0ff-Gas Treatment System

The off-gas containment and electrode support hood collects off gas, pro-
vides a chamber for combustion of any released pyrolyzed organics, and supports
the four electrodes embedded in the soil, Much of the heat generated during
the ISV process is released to the off-gas stream, The heat is removed in the
off-gas treatment system, soO that the temperature of the gas which exits after
treatment approaches ambient,

The major types of treatment for the off-gas system include quenching,
scrubbing, condensing, and filtering (see Figure 2)., First the gas stream is
cooled and scrubbed in two stages, using a quencher and a tandem-nozzle
scrubber. The scrubber removes particles larger than 0.5 ym., The scrud
solution tn the saturated gas stream is removed by a vane separator followed by
& condenser and another vane separator. To prevent any rminin? moisture
leaving the second-stage vane separator from condensing on the high efficiency
particulate air (HEPA) filters, the off gas is heated to insure that the
unsaturated gas stream is at a temperature above the dewpoint, Following the
two stages of HEPA filtration, the off gas is discharged to the atmosphere
through an induced-draft blower, Off-gas treatment for the pilot-scale
radioactive test system is similar to that of the large-scale system. Both
systems are trailer mounted and therefore mobile,

PERFORMANCE ANALYSIS

Performance of the ISV equipment and process and the quality of the waste
form are discussed in this section. The power system has proven to be reliable
and performs as designed. Startup and normal operation have been conducted
with no signs of unstable behavior such as arcing, hot spots, or signtficant
imbalance of the power load. The off-gas containment hood, developed for the
pilot-scale system, has maintained negative pressure over the vitrification
zone to prevent radionuclide losses outside the hood. The hood design
fncorporates a skirting of high-temperature resistant cloth which improves the
sed) around the edge. The off-gas system also performed very well. The system

effectively contained off gases and removed all radioactive species during the
radioactive field test,

Retention of elements within the vitrification zone has been high during
pilot-scale tests. For example, retention of all radionuclides in the block
during the radioactive test exceeded 99%. Retention during large-scale ISV
operations is predicted to equal or exceed the pilot-scale performance because
the contaminants will normally be buried deeper, thus retaining even more
radionuciides in the block. The retention values are based on the release of
contaminants to the off gas and a confirmation analysis of the block. From
these data, decontamination factors (DFs) were calculated. The higher the
decontamination factor (the mass of an element tn the sotl divided by the mass
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released to the off-gas treatment system), the larger the amount retained in
the vitrified block. Based on results from the pilot-scale system, sofl-to-
off-gas DFs for less volatile elements such as Pu, Sr, and U are expected to be
103 to 10“ (99.9 to 99.99% retained). More volatile elements such as Cs and Sb
should have DFs of 102 or greater (99% retatined). Highly volatile heavy metals
(Cd, Te, In, and Pb) should have OFs around 10! (90% retained). These values
will vary depending on waste burial depth, the presence of a cold cap or
resolidified surface glass, and the presence of gas generators within the melt
zone., Element retention increases with burial depth, decreases with the
presence of gas generators, and increases slightly with the presence of a cold
cap, Decontamination factors for the off-gas treatment system (hood to stack
are as follows: for the semivolatiles and heavy metals (Cs, Cd, Pb, etc), 10%,
and for the less volatile nuclides (Sr and Pu), 105, Therefore, the overall
process (sotl-to-stack) DFs are 106 for the semivolatiles and 108 to 10° for
less volatile materials, For particulates the DFs are about 1011,

The ability of the waste form to retain the encapsulated or {ncorporated
contaminants is of prime importance in determining the applicability of the ISV
process. VYitrififed soil blocks were analyzed to determine their chemical dura-
btlity with a series of tests including 24 hour soxhlet leach tests, The bulk
soxnlet leach rate for the product was less than 1 x 10759/cm2/day, an accept-
able value, These rates were comparable to those of Pyrex® or granite, and
much less than those of marble or bottle glass, as shown in Figure 3,

A 28 day Materials Characterization Center test (MCC-1) (Materials Charac-
terizatfon Center 1981) was also conducted on a contaminated sot) sample that
was vitrified in the laboratory at 1600°C, The overall leach rate of the
vitrified soi] was comparable to the 76-68 glass (a reference high level waste
glass) and other TRU waste forms (Ross et al, 1982),

Another indication of the durability of the ISV waste form fs found in a
study of the ueatherin? of obsidian, a glasslike material physically and chem-
fcally simtlar to the ISV waste form (Ewing and Moaker 1979), In the natural
environment, obsidian has a hydration rate constant of 1 to 20 .m2 per 1000
years (Laursen and Lanford 1978). A value of 10 ,m2 per 1000 years, assuming a
1inear hydration rate, yields a conservative estimate of a 1 mm hydrated depth
for the ISV waste form over a 10,000 year time span. Since hydration is the
fnitial mechantsm of weathering, the ISV block 1s expected to mafntatn fits
integrity at least through this 10,000 year time period.

Angther important factor to consider in the waste form evaluation is the
migration of the radionuc)ides once they are a part of the molten waste form.
In the ptlot-scale field tests, the radionuclides and heavy metals did not move
beyond the vitrified block, Furthermore, analysis of the blocks from the tests
revesled that the retained contaminants did not concemtrate in the block, but
instead were uniformly distridbuted, indicating extensive convective mixing
during operatton,

® Pyrex is 2 registered trademark of Corning Ziass Works, Corning, New York,
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SOXHLET CORROSION RATE, g/omid x 108
Figure 3, Leach resistance comparison of selected materials.
PROCESS PARAMETERS

PNL studied the effects of soil properties such as chemical composition,
thermal conductivity, fusion temperature, specific heat, electrical conduc-
tivity, viscosity, and bulk density on nine solls from waste sites across the
U.S. None of the variations in properties among the soils significantly
impacted ISV operation, While soil moisture does affect the ISV process by
tncreasing the power requirements and run time, 1t {s not a barrier to its use
{excluding aquifer sites with highly permeable soils). Soil moisture is an
economic penalty, not a process impediment,

A mathematical model was devised to predict the behavior of the ISV system
for waste sites with differing geometries and to assist in scale-up to the
large-scale system without the need for extensive field testing., The effects
on process performance of changes in soil properties, power system capabtlity,
and waste site geometry were evaluated using the model. Information produced
included energy consumption, mass vitrified, opersting time, melt depth, and
melt width for various ISV configurations, The model was also used to deter-
mine the effect of soil moisture on the ISV process. To assess the effective-
ness of the model as a predictive tool, mode! predictions were compared to
results from the pilot-scale field tests. The predicted and actual values were
very close, with ysually less than 10% variance,
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The effects on the ISV process of buried metals, cements, ceramics, com-
bustibles, sealed containers, and explosives have been analyzed (Oma et al.
1983), Criticality limitations were also addressed, Both mathematical
modeling and engineering-scale testing predict that the effects of metal
taclusions will be insignificant unless a full short circufit is approached.
During testing, the metal limit was not reached; however, a metal inclusion,
accounting for 5% of the final block weight and occupying 70% of the distance
between electrodes, was successfully vitrified,

In situ vitrification of sotls containing concrete or pure cement inclu-
sions decreases electrical conductivity of the melt zone and adds water vapor
to the off-gas system. The flexibility designed into the large-scale power
system compensates for any conductivity change resulting from vitrification of
concrete or cement. With a design capacity of 104 std m3/min, the large-scale
of f-gas system will handle water vapor and air inleakage generated during
vitrification of pure cement. Nonmetallic ceramic materials that do not
completely melt or dissolve during vitrification are effectively encapsulated
by the glass and do not present a problem,

Burted combustible wastes pyrolyze, move to the melt surface, and burn
during the ISV process. This increases both gas volume and heat load to the
off-g's system, The large-scale off-gas system capacity will allow vitrifica-
tion of a variety of waste configurations, Calculations show that combustible
packages up to 0.9 m3 and void volumes up to 4.3 m3 can be processed without
loss of hood vacuum, [f combustibles are distributed relatively evenly
throughout the soil, the off-gas system is capable of handling gases from sotl
containing 3200 kg of combustibles per meter of depth. This capacity includes
air added to the hood to maintain 20% excess combustion air and assumes that
the peak combustion rate {s twice the average. Sealed containers can rapidly
release gas during processing. Future study will include collection of con-
firmative empirical data related to sealed container releases; however, the
maximum postulated gas release 1s expected to be within the capacity of the
large-scale off-gas system.

Sotl containing up to 25 wt% TNT and/or RDX can be incinerated safely as
long as the mixture ts not contained (Kirshenbaum 1982), Although soils of
this nature are not present at Hanford, explosive wastes have been disposed in
sof) at other sites, which may constder ISV as a stabilization option,

The potential for criticality due to the presence of fissionable materials
has been addressed. The ISV system can effectively process sofls containing a
Pu area! limit of less than 1 kg Pu per square meter, Sites containing Pu
levels approaching or surpassing this point should consider exhumation and
recovery treatment prior to ISV as a stabilization option,

159
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ECONOMIC ANALYSIS

The cost of using ISV as an in-place stabilization technique was estimated
for radioactively contaminated soils,

The components that contribute to the basic cost of ISV are site prepa-
ration activities, annual equipment charges, operational costs such as labor,
and consumable suppliies Such as electricity and electrodes., Employing the
large-scale system, five different configurations for TRU contaminated sofl
sites were evaluated using the four basic cost-contributing categories, The
results are provided in Table 1,

When using the cost figures in Table 1, it is recommended that ranges be
employed for making cost estimates., For example, to estimate the cost of
selectively vitrifying portions (a volume of 2900 m3) of a waste site at
Hanford, as shown in Figure 4, the lower boundary of the range should be case 3
(Vocal power, above average manpower, average heat losses): $138/m3, for a
total cost of 2900 m3 x $138/m3, or $400,200 or $400 K., The upper boundary of
the range should be a combination of cases 1, 2, and 3 (local power, above
average manpower, and high heat losses), which calculates to be 2900 m3 x
Sl3g‘;; x [ratio of heat loss effects: 142 (case 1)/116 (case 2)] = $489,900,
or Ke

TABLE 1, COST ESTIMATES FOR FIVE ISV LARGE-SCALE CONFIGURATIONS

Total Cost
of Sofl
Manpower Vitrified
Number Site Power Heat Loss Leve) 1982 S/m5
1 Hanford Local High Average 142
2 Hanford Local Average Average 116
3 Hanford Loca) Average Above Avg. 138
4 Generic Local Average Average 135
5 Generic Portable Average Average 179
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ASSESSMENT OF WASTE SITE APPLICATIONS

Preliminary studies (Kennedy et al. 1982; Oma et al, 1983) indicate that a
combination of selective vitrification and appropriately scaled barriers may be
the most cost effective in-place stabilization technique for those Hanford TRU
sites requiring remedial action. This approach is consistent with the findings
of the National Academy of Sciences (National Academy of Sciences 1978), which
stated that -retrieval of buried TRU waste for disposal in a geologic repository
could be more hazardous then disposing the waste in place. This approach is
also recognized in the Long-Range Master Plan for Defense Transuranic Waste
Management (U.S. Department of Energy 1983), which states that "deep geologic
disposal may not be the most economical means of safe disposal for ail TRU
wastes," DOE Order 5820.1 (U.S. Department of Energy 1982) allows field
organizations to establish new or alternative TRU waste management practices,
In situ vitrification is one of the engineered permanent disposal alternatives
being examined to meet these needs,

Application of ISV to hazardous chemical waste sites requires further
evaluation and testing to determine the thermal effects of ISV processing on
typical chemicals., In situ vitrification has been shown to be effective on
heavy metal contaminants and some organic constituents (tributylphosphate and
dichlorobenzene); however, additional testing and investigation could insure a
beneftcial application of ISV to a variety of waste sites.
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APPLYING AN INNOVATIVE APPROACH TO FIELD INVESTIGATIONS
AT A REMEDIAL ACTION SITE

Michael P. Coia and Michael H. COrb1n1

AD-P004 145

- INTRODUCTION
Typical field investigation programs have utilized soil borings and
groundwater monitoring wells to characterise contamination at R
hazardous waste sites. ~This paper describes an approach that can be

applied at a haszardous waste site where known groundwater
contamination exists and remedial action is necessary to mitigate the
environmental concerns. The sampling program is conducted to locate,
"y as accurately as possible, the position, extent and depth of
contaminant source areas, and to identify the potential contaminants
present as well as the potential extent of contaminant migration in
the soil and groundwater. These sampling procedures utilise the .
maximum number of backhoe trench excavations (to locate the apparent f
boundary of contaminant source areas and obtain composite soil samples ¢
# . along a prescribed coordinate grid system) and field-implemented !

R et oo

analytical techniques (to screen soil samples and eliminate those of
little or no contamination). Laboratory analytical procedures are
used to characterize the waste constituents found in the source areas
and contaminated soils, and to provide the ncconsar{ level of quality
assurance. In all, the sampling program described herein maximizes
the use of field-implemented analytical techniques which reduces the
overall cost of laboratory analytical procedures 4

A To perfora a field investigations program which describes potential
{ contasinant source areas, the following general sampling methodology
| should be incorporated:

{ a. Bstablish a coordinate grid system over the entire area
, of potential concern. A 50-foot center grid systea
v;‘4 should be established over the areas identified as
. probable source areas, and a 100-foot center system
should be satisfactory over the remaining areas.

b. Perform a topographic survey over the site area to
accurately locate the position and elevations of roads,
buildings, and site features. BRstablish elevation
control based upon USGS datum, and tie the topographic -
survey into the established grid system to produce a B
topographic map for the areas of concern. !

lnichnol Coia is an Associate Project Engineer with Roy F. Weston,

Inc. .
Michael Corbin s Section lLeader of the 80l1lid and Hazardous Waste
Nanagement Group at Roy P. Weston, Inc.




groundwater and soil investigations to assess the potential
contaminant sources in the identified areas. The program of
visual observations, soil trench excavations, waste borings,
soil borings, field analytical sampling, and laboratory
analytical sampling is discussed in the following paragraphs.

a 8 ¢. Conduct a program of surface and subsurface waste,

TOPOGRAPHIC SURVEY

The initial phase of the sampling program should consist of the
establishment of a coordinate grid system and the performance of a
topographic survey over the contaminant areas of concern. The intent
is to establish location and elevation control at the site, which aids
in conducting the sampling activities. The following activities would
be incorporated into the topographic survey phase:

a. A survey crew or a subcontractor would lay out the
coordinate grid system and perfora the topographic
survey.

b. Grid points would be staked with lath (or equivalent)
and labeled with north/south and east/west coordinates
for identification.

] : c. State Planar System (or equivalent) coordinates would be

: used as the basis for this grid system. The surveyor
would be responsible for identifying the grid points and
tying the detailed grid system into these points.

4. A topographic survey would be performed over the
designated areas to locate the elevations and locations
of the following. A 2-foot elevation contour interval
should be used.

e Any railroad tracks

® Site access roads (paved and gravel)

® 8ite boundaries

e Pence locations

e MNatural drainage ditches and drainage pipes

e Bite utility lines (water and power lines)
b e 8ite features .
s» '4
e e. Blevation control would be established based upon the
s B nearest USGS datum or existing bench marks and establish
b7 any additional bench marks as necessary to complete site
§

- work activities.

. - £. All surveying instruments would be calibrated in
accordance with state regulations prior to the start of
work. All stadia distance msasuremsnts should be
accurate to within 0.01 foot per 100-foot leagth, and
:11 :lovatlon msasurements should be accurate to within

.1 foot.




SITE MOBILIZATION/PRE-SAMPLING ACTIVITIES

Pre-sample activities refer to the site mobilization operations which
are carried out in support of the field sampling efforts at a
hazardous waste site. 1In many ways the pre-sample activities are
critical to the optimum functioning of the field investigations
program. The following operations should be accomplished as part of
the site mobilization/pre-sampling activities:

a. Develop the Sampling Plan which outlines the number and
locations of sampling points. This would describe the
facilities required at the site, the level of personnel
safety required, the types and number of sample
containers and the daily operation of sampling
activities.

b. Arrange for the procurement of the following sitework
requirements (in the office prior to initiating any
sitework activities)

® Security measures (guards & security fences as
necessary)

Command trailer equipped with the necessary
amenities to support field work

Phone service

Electric tie-in or portable electric generator
Potable water source (if necessary)

Portable chemical equipment

Air monitoring equipmsent

Decontamination area for personnel decon procedures

c. Delineate the "Clean Areas" at the site where the
command trailer and decontamination facility are to be
placed. Set up the boundary fence (or roped off area)
between the sitework and clean areas, and tie in the
necessary utilities to the command trailer.

SAMPLING OF CONTAMINANT SOURCE AREAS

The field sampling program should incorporate backhoe excavations and
auger-drilled soil and waste borings. These general field approaches
would satisfy the overall sampling objectives of locating and
evaluating the potential contaminant source areas. During the
sampling operations at a potential hazardous waste site, samples of

wvaste, s0il and groundwater (if appropriate) should be collected. The
following sampling types are discussed herein (the listing order doces

_not represent any reference to chronologic order):

¥ a. B8oil trenching samples. Cowposite gradb samples from the
tronch::x operations should be collected from the
excava soil piles. '




'R

b. Waste corings. Composite core samples should be
collected from the waste material along the waste boring
profile.

c. B8oil corings. Core samples of the soil should be
collected from the soil borings at designated depths
along the profile in contaminated and presumed
uncontaminated areas.

d. Groundwater samples. Samples of the subsurface
groundwater should be collected within the well point
monitoring locations if these samples help to
characterise the contaminant source areas.

Soil Trenching Operations

The use of soil trench excavations is becoming an established field
sampling method to verify the locations of the disposal areas and to
identify any additional areas of soil contamination. Established
backhoe and trenching techniques can be used to excavate the sampling
pits through the soil layers adjacent to the disposal areas and along
the established grid system., If at all possible, excavation through
the waste material itself should be avoided. A mobile sample port of
a field-operated organic vapor analyser can be utilized to “"sniff® the
surface of the excavated trenches to establish variation in the
concentrations of organic compounds. This data can be utilised to
indicate the location of the concentrated waste materials. Once the
disposal area or waste material is encountered, the trench excavation
should be terminated, since the contaminated boundary would be
located,

A commercially available, non-tracked backhoe capable of excavating
soil to depths up to 20 feet should be used during the trenching
operations to locate the boundaries of contaminant source areas. Once
the locations of the soil trenches are identified,the backhoe would
excavate soil to accomplish two distinct sampling objectives. These
include:

a. Trench along a prescribed path to locate the boundaries
of the potential contaminant source areas. These
trenching operations should begin approximately 50 feet
from the waste area and proceed within uncontaminated
soils toward the waste piles. Some of these trenches
(at field-determined locations) can be continued through
the waste disposal areas to help identify waste profiles
and boundaries.
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b. Trench shallow sampling pits at the designated 100-foot
center grid points along the ococordinate system to
identity nni.zrooa contamination within the soils bsyond
the identit areas of concern. These treanch pits can
be used to eliminate the placement of shallow borings at
a reduced overall cost.

Continuous air monitoring would be conducted at the trench paths and
shallow trench pits using either the Miran Infrared Analyzer
(Miran/IR) or a portable organic vapor analyszser (OVA) ' .it. Personnel
safety precautions would be taken to protect sampling personnel from
the potentially hazardous vapors that may be generated during
trenching excavations. The backhoe operator and sampling personnel
would be equipped with air purifying cartridge respirators to be used
if the air monitoring results indicate a potential concern. Detailed
personnel safety precautions should be outlined in a Safety Plan for
any sitework activities.

Trenching operations may be conducted within the waste piles or within
highly contaminated soils. Once the waste disposal area is
encountered by the trench paths, or if analytical screeaniang results
indicate organic concentrations in excess of background levels within
the shallow trench pits, the trenching operations would be ended.
Also, trenching operations would be curtailed if groundwater within
the site soils is a prohibitive concern. BExcavations should be made
down to a depth of between 5-10 feet within the trench paths and
shallow trench pits. Excavations may be made deeper along the trench
paths, adjacent to a disposal area, if location of the disposal trench
bottom is required. The trench path excavations should not be used
exclusively to map the disposal trench bottom, since soil borings will
provide this data. Backfill of the trenches should be performed
immediately following sampling at a particular location, and
compaction of the trenches should be performed in layers to the
maximum achievable degree using the backhoe.

Pigure 1 illustrates a typical sampling approach from backhoe trench
excavations. All soil samples collected from the trenching operations
should be representative composite samples. Yo sampling would be
performed from within the trench or pit itself, instead composite
samples would be collected from the excavated soil pile adjacent to
the trench. At no time should any sampling personnel be permitted to
enter any excavated treanch or pit area. Samples should be collected
in the following manner:

a. From the trenches, a sample should be collected
approximately every 10 feet until the contaminated waste
disposal area is encountered. Within the shallow treanch
pit, one discrete sample would be collected. (Wherever
possible, shallow trench pits would be excavated
tol}ort:g completion of other soil and waste sampling
activities.)
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b. Excavations at the sampling location should be made down
to a depth of 5 feet. The specific backhoe bucket load
for the sample should not be dumped on the ground. A
hand auger (cylindrical bucket-type) would be used to
collect one composite sample from three representative
locations from within the interior of the bucket load.
These samples would be field analyzed/screened using the
Miran/IR unit.

c. Additional samples may be placed in glass jars with
self-sealing screw-type lids, labeled, and temporarily
stored in individual compartments of sectioned cardboard
boxes.

4. If the waste pile is encountered by the trench, or if
trench air monitoring or the field analytical results
indicate high conceatrations of target contaminants
above background levels, duplicate samples of the soil
may be sent to the laboratory for analysis. If these
samples are sent, the protocols for haszardous waste
sample packaging and shipsent would be followed,.

Soil and Waste Boring Operations

The results of the soil trenching operations would identify the
lateral extent or boundaries of site contamination at each of the
potential source areas of concern. A detailed soil boring program
would then be initiated within and adjacent to the identified
contaminated areas. These s0il and waste borings would be used to
describe soil types and the extent of contamination within the soil
profile with depth. BRollov stemmed augers would be used to drill the
soil and waste borings down to the depth of, but not extending into,
bedrock at the prescribed locations. The truck-mounted drilling
equipment would incorporate 6-inch 1D augers, so that the well point
screens and casings can be set inside the hollow stems (if
appropriate), Pigure 2 presents a sketch of a typical sample
collection approach for soil and waste borings.

During the process of drilling the waste and scil borings at the
sites, relatively undisturbed soil samples would be collected with a
standard 2-inch split-spoon sampler. The samples would be collected
continuously through the hollow stem augers as drilling progresses
down to bedrock. All samples should be examined and described by the
Field Geologist in accordance with prescribed standardised protocols.
geologist would describe and classify the samples based upon their
3: eral classification, color, texture, estimated water content, and
pth from land surface. Detailed boring logs would be developed for
each of the waste and soil borings. The descriptive parameters
discussed herein would be included on the boring logs. Depths should
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FIGURE 2 TYPICAL SOIL BORING
SAMPLE COLLECTION
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be recorded for the samples in feet and decimal fractions thereof.
soil descriptions should be in accordance with the Unified Soil
Classification System (USC8). 8Soil samples would be fully described
on the log. The data (descriptive parameters) in the sampling log
would include the following:

a. Site identification and location coordinate (using
alphanumeric boring code and grid system coordinate).

b. Percent recovery (P.R.) of samplas.

length of core s ling recover
P.R. = length of interval sampled

c. General soil classification (such as "sandy clay") and
USCS symbol (auch as “CL"),

d. Munsell soil color numbers (give both narrative and
numeric color description).

e. Plasticity.

f. Consistency (for cohesive soils) and density (for non-
cohesive soils).

g. Pield moisture.
h. Texture/fabric/bedding.
i. Depositional environment/lithological boundaries.

j. Depth of first-encountered water and static elevation
(changes in water level three successive days after
completion).

k. Total interval drilled.

1. If a well point is placed, construction features such as

g:outtng, gravel pack, screen and casing interval,
ntonite, depths, etc.

»m. Time delays or problems encountered, including loss of
core, loss of interval, drilling rig problems, etc.

Representative soil samsples from each split-spoon should be placed in
glass jars with self-sealing screw type lids, labeled, and temporarily
stored on-site. BRach sample container would be labeled in accordance
with the prescribed sample packaging and shipment protocols.

Collected samples for analysis would be secured in a le ator

chest following chain-of ~custody prooedures. The prescribed samples
will either be analysed on-site or sent to an analytical laboratory.




Analytical and spatial information resulting from the sampling and
analytical program should be utilized as input to an isopleth analysis
and contour plotting routine (an example is CPS-1). This routine can
compute iso-concentration contours for the target contaminants and
plot tt~ isopleths on a map of the study area. Deposits of target
contaminants other than those already identified would be delineated.
If signiticant new deposits of target contaminants are identified
along the grid pattern beyond the limits of the source areas, these
l1>cations may be resampled using soil boring techniques described
previously. Isopleth maps such as these can be used to delineate the
contaminant source areas which require remedial action. Excavation
and treatment volumes can be readily calculated and utilized in a
remedial action evaluation.
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TREATMENT OF WASTEWATER (RED WATER)
RESULTING FROM TNT PURIFICATION

J. CARRAZZA § E. PREGUN
U.S. ARMY ARMAMENT RESEARCH AND DEVELOPMENT CENTER
DOVER, NJ 07801

AND

C. CHANDLER & W. HELBERT
HERCULES INC., RADFORD ARMY AMMUNITION PLANT
RADFORD, VA 24141
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"Red Water is the product which results from the Sellite
process which has been used, since World War I, for the purification
of trinitrotoluene (TNT) in the United States. Sellite (sodium
sulfite) reacts preferentially with the undesirable meta-TNT isomer
in crude TNT to produce water soluble sodium dinitrotoluene
sulfonate. This solution (red water) also contains 2,4,6-TNT plus
various oxidation products and may contain 20-25% solids. In the
past, disﬁosal was accomplished by incineration, leaving a sulfate
ash, or the red water was concentrated and taken by the paper
industry for -ake-ug sodium-sulfur value. Both methods are
considered undesirable for reasons of economics, lack of avail-
ability of landfill sites, pollution abatement, and reliability.

umerous approaches have been investigated to either
concentrate the red water for disposal or recover reusable
products. These approaches included reverse osmosis, acidification,
Tampella Process, Atomics International Aqueous Carbonate Process,
SCA Billerud Process, and the Sonoco Sulfite Recovery Process
(SSRP). An assessment of these techniques based upon level of
TNT production, foreign patent and scale down problems, simplicity
of design, capital and operating cost estimates and other criteria
resulted in selection of the SSRP for further evaluation,

‘Extensive laboratory and pilot plant studies of process feed-
stock formulations, pellet versus slurry feed, multi-hearth versus
rotary kiln furnace, evaporators, separators, dryers, feedstock
mixers and transport systems were conducted. This resulted in
the development of criteria currently being utilized for
implementation of a sulfite recovery facility to support TNT
production at Radford Army Ammunition Plant (RAAP). The SRP
process as developed for {AAP i

s doscribzz\ts follows.

Red water (15% solids) flows from TNT purification into
storage tanks. The pH is then adjusted to 6.5-7.0 to minimize
foaming during concentration. It is then concentrated to 35%
solids in a multiple-effects evaporstor (MEE) and then mixed
with filter cake in the repulper section of a belt filter. The
resultant repulper mix is pumped into a hollow shaft evaporator
for further concentration to 68% solids. Finally, recycled
furnace ash and petroleum coke are added to achieve a solids

L analing A%




concentration of 74%., This thick paste passes into a screw
feeder which inserts it onto the top hearth of the multiple-hearth

furnace (MHF).

The MHF consists of 8 hearths and a rabble shaft assembly for
stirring and advancing the solids to the drop holes leading to the
next hearth below. The RAAP furnace will have 6 hearths devoted
to separating the sodium and sulfur in the red water gortion of
the feedstock. These hearths will be operated at 950°C (1750°F)
with a reducing atmosphere. In the MHF sodium combines with
aluminum in the filter cake and forms sodium aluminate (NaAlOj)
which is retained in the ash. Simultaneously, the sulfur in the
feedstock is converted to sulfur dioxide (SO;) and hydrogen
sulfide (H2S) which exits the furnace in the flue gas stream.

The ash contains sodium sulfide (Na;S), a hazardous impurity,
and it is, therefore, passed downward through the seventh and
eighth hearths where it is oxidized to sodium sulfate (NazS04),
a harmless impurity in the finished Sellite solution.

Hot oxidized ash at 8209C (1500°F), nominal, from the MHF
passes through a cooler and is then ground and mixed with water
to form a slurry used to create sodium sulfite (NaSO3) in the
precipitator,

The flue gas which contains H;S and carbon monoxide (CO) is
passed through an afterburner where both the H;S and CO are
oxidized. The resultant SO, concentration in the flue gas is
6000 ppm. This gas stream passes through a waste-heat recovery
boiler where it is cooled and energy is recovered as steam. The
exiting flue gas is cooled to 74°C (165°F), the optimum
temperature for efficient scrubbing of S0,.

S0, is removed from the gas stream in a Schnieble absorber
using NaSOy solution as the scrubbing medium. The product of
this operation is sodium bisulfite (NaHSO3) solution.

NaHSO3 solution from the absorber is mixed with ash slurry
to produce a slurry of NaZSOg solution and A1 (OH), precipitate.
This slurry is passed through a solid-bowl centriéuge which
separates the sludge from the Na,SO; solution. Part of this
solution is returned to the absorber where is captures SO, from
the flue gas stream. The balance of the Na;SO3 solution plus the
sludge passes to a belt filter for separation. The cake from the
belt filter returns to the MHF via the repulper mix. The Na,SO3
solution goes into a tank-type clarifier where finely divide&
suspended solids are removed. The clarified Sellite goes to
stornge for reuse in TNT purification, where it will be converted
back into red water as it purifies crude TNT to produce alpha-TNT,
the desired product of TNT manufacture.
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FIELD PORTABLE INSTRUMENTATION
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INTRODUCTION

Tontamination of environmental media by volatile organic chemicals has been
observed at a wide variety of industrfal and government factlittes. In
particular, volatile halogenated hydrocarbons (VHH) have been shown to pose
problems of such magnitude that special regulatory standards are being
considered for these materials, (EPA, 1982).

/’\Difficulties are encountered when characterizing a site that involves VHH

contamination. Some of the factors which increase the difficulties are:

«#, There are no standard methods for sampling and analysis for
volatile constituents in sofl matrices.

ix> There 1is good evidence that several of the species may be
transformed biologically, {Mood, 1981).

« There is evidence to suggest that the volatile halogenated
species may undergo nonlinear absorption in soil matrices,
“{Rickter, 1981): - ’

hese factors 1imit the ability to determine source location and strength in
the case of buried, non-containerized wastes. Adequate sampling of the
subsurface waste deposits is both time-consuming and of questionable
validity, and the degradction/‘;etardation complications reduce the sppro-
priateness of Fplume-tracking” as a means for determining source charac-

i

teristics. This paper describes an approach to the sampling and analysis
probliem which was employed in a recent site characterization effort _

X\
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BACKGROUND

An extensive site characterization and groundwater quality assessment,
conducted at a government facility in 1981-82, revealed the presence of
significant groundwater contamination by VHH. Observed groundwater con-
tamination was emanating from at least five distinct sources. Historical
records and past or current operating practices were used to determine
source characteristics for all but one of the probable sources. For the
source area in question, existing records, maps, and aeria) photographs
indicated that an area of approximately six acres was used primarily as a
burning ground for trash and wooden debris. Aerial photographs showed the
existence of various pits, ground stains, and lagoons during the period
1957-1969. Any of the photo-interpreted artifacts could be the source of
observed contamination, but most are probably innocuous. The problem is
compl icated by the presence of a 1arge warehouse building of recent vintage,
which covers approximately one-half of the study area.

To evaluate the need for and feasibility of remedial actions in the vicinity
of the dource area, it was necessary to estimate the location, size, and
source strength. Because it was considered 1ikely that shallow groundwater
discharged into a surface stream immediately downgradient of the source
(resulting in release of the contaminants to the atmosphere), a qualitative
study with limited scope was deemed appropriate. The objective of the task,
then, was to determine the approximate location, size, and strength of any
sources in the study area. .

APPROACH

The procedure used in this 1nvestigation consisted of the following steps:
. Prepare a coarse grid of boreholes across the area.
. Allow equilibrium to be established within each borehole.
. Obtain air smlgs from within the borehole.

. Immediately analyze air samples for total hydrocarbon and total
halogenated hydrocarbon content.

o Based on the results using the coarse grid, install sdditional
sampling points in selected areas; sample and analyze the
interstitial air as before.




Using this procedure, the area can be successively demarcated into zones
based on organic vapor content of the boreholes. Elements of the procedure
are detailed in the following paragraphs.

BOREHOLE GRID

A grid was established across the area of potential past waste disposal such
that utility lines, a concrete pad, and a recent warehouse building were
avoided. Nineteen boreholes at nominal) 50-ft grid intervals were drilled to
a depth of 10 ft below the surface, using a 4-in. solid stem auger. Cutting
returns from these boreholes were observed for evidence indicating previous
activity. The boreholes were capped with a flat 1{d and left undisturbed
unti) measurements could be made. After analysis of samples as described
below, seven additional boreholes were drilled at 25-ft grid intervals
within zones showing high halogen content. Following completion of the
analyses, all boreholes were filled to the surface with a 20:1 cement/
bentonite grout.

SAMPL ING

Samples were collected from the boreholes after a period of about 2 hrs
following drilling to allow equilibration. A sample of the air within each
borehole was collected by inserting a teflon tube to a depth of approxi-
mately 5 ft and using a small battery-powered bellows pump to collect the
sample in a 3 liter mylar air bag. The sample was immediately analyzed at
the nearby instrument station. After analysis, each sample bag was
repeatedly flushed with clean compressed air and evacuated until analysis
indicated minimum residual contamination.

ANALYTICAL INSTRUMENTATION

Analysis of the air samples for total volatile hydrocarbon and total
halogenated hydrocarbon content was performed using a detector developed by
Battelle-Institut e.v. in Frankfurt, Germany. The instrument contains a
flame ionization detector (FID) for snalysis of hydrocarbons and a
potassium-impregnated platinum detector for analysis of halogen content.
The gaseous sample (or purge from a water sample) is conducted through a
heated entrance port to the detectors, without benefit of chromatographic
colums. Therefore, the response time is short, there are no precise
chromatographic conditions to maintain, and problems with column degrada-
tion or peak tafling are eliminated. An entire analysis requires only about
5 min. Use of a sample pump obviates the need for a carrier gas. Location
of the sample pump behind the detectors eliminates potential interactions
between the sample and the pump mechanism.

Aty i
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The air sample is completely burned within the FID stage, and halogen
content of the combustion products is measured by the platinum detector.
Readout of signals from both detectors was recorded on a dual-channel strip
chart recorder, thus allowing direct comparison of the resuits, Since the
sample is introduced continuously, signais remain at a constant level after
the detectors equilibrate. The height of the signals correspond to sample
constituency. The instrument is calibrated by introducing air samples
containing known concentrations of hydrocarbons and halogenated hydro-
carbons and measuring the height of the resulting signals. For the present
work, samples containing 50, 100, and 200 ppb of trichloroethylene were used
as calibration standards. Thus, the halogen content is obtained relative to
trichloroethylene, and results are interpreted comparatively.

RESULTS

Analysis of air samples from the boreholes provided the results given in
Table 1. While the instrument readout yields a direct measurement of
concentration, the minimal calibration procedure that was used forces a
semiquantitative interpretation of the data.

TABLE 1. Borehole Analysis Results (L = Low, H = High,
M = Moderate, VL = Very Low or zero, VH = Very High)

Boreholes Boreholes

Coordinates Hydrocarbon Halogen Coordinates Hydrocarbon Halogen
EONO L M E50N200 M VL
EON50 L L E95N-50 L VL
EON100 L L E11080 M VL
EON150 VL L E100N50 H VL
EON200 Vi VL E1008100 Vi Vi
EON-25 H H E100N150 M VL
EON-50 L M E100N200 M 8
€25N0 Ve H E1508-50 “ ]
E25N-25 vt VH E150NO L VH
€50N-50 L VL E150N-50 " vit
ESONO N w E125N-50 " n
ESONSO M v E125K-25 M L]

201




High concentrations both of hydrocarbons and chlorinated hydrocarbons were
found at several locations within the study area. The high hydrocarbon
levels were obtained from boreholes drilled below the water table and which
also returned ashes and other debris indicative of trash disposal during the
drilling. These readings are thought to be due to anaerobic decomposition
products, principally methane. At least two of the locations showing high
hydrocarbon content correspond to what appears to be piles of trash in older
aerial photographs.

The boreholes showing high halogen content were concentrated in two zones
see Figure 1. The zones correspond to a debris pile (Zone A in the ﬂgure
and lower cell of a two-part lagoon shown in aerial photographs in the 1957-
1969 time period. Other pits and artifacts shown in the photographs do not
appear, from the borehole results, to have been scenes of VHH disposal.

Both zones showing VHH contamination are within areas where the drilling
returns indicate highly permeable sands and gravel, and the water table is
at the same level as the nearby stream elevation. The original hypothesis
that contaminated groundwater discharges to the surface system thus appears
to be correct.

CONCLUSIONS

The following conclusions were made regarding this work:

. The location, approximate size, and relative strength of waste
sources within the study area were established. Evidence was
obtained for hydrologic interconnection of contaminated ground-
water with surface streams, thus indicating the minimal need for
source control remedial actions.

. Comparative results using simple analytical procedures and bore-
hole air sampling was shown to be a fast, effective method for
Yocating buried sources of volatile halogenated hydrocarbons.
The entire sequence of events as described above, including
borehole grouting, occurred over a three-day period.
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INTRODUCTION

The Department of Defense (DOD) Installation Restoration Program
(IRP) establishes DOD policy to identify and evaluats suspected problems
4ssociated wvith past hazardous waste ocontasinetion. Phase I of the IRP
is the initial assessment and records search of sites that potentially
contein haszardous waste. Phase II is the confirsation and quantifica~
tion of potentially hasardous waste sites. Phase 111, the technology
base development, and Phase IV, the remedial actions, will follow the
identification of hazardous weste sites.

within Phase I1I of the IRP, the most important objectives are to
detarnine if suspected contamination of a site exists, and if it does,
then adegustely describe the site geologic conditions and define the
extent of subsurface as well as surface contamination. These two
objectives are accomplished through field investigeations of sites.
These field investigetions should be cost-effective and provide critical
dsta to advance further investigation activities in a technically sound
manner.

One geophysical method of field investigation is the electrical
resistivity (ER) survey. The ER survey, if effective and properly
applied, can yield data interpretations related to both the site geo-
logic conditions and to the definitions of ground-water contamination
.m.y

£

This paper discusses the potential utilisation of electrical re-
sistivity surveys during Phase II of the IRP. The successful utili-
zation of ER is based on a cosbination of both technical approach and
knowledge and skill of the user. As examples of BER utilization, two
case studies involving ER surveys are described The technical
approaches and lessons learned during these two example studies say be
applicable to the Phese 11 site investigations of the| IRP.

!
ELECTRICAL RESISTIVITY !

Blectrical resistivity is one type of surface geophysical method
which uses the principles of electricity. Blectric current from a
series of bstteries is conducted through two electrodes which are pushed
into the ground. The resulting voltage drop produced by the current is
ssasured acroas the other two electrodes which are alse pushed into the
ground. The inatrument seasurement is normally expressed in oha-feet
snd is called apparent resistivity., The apparent reeistivity is
affected by geologic and ground-water conditions ss well as by san-nade
oconditions. .
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The criteris for ER utilizaticon can be summarized in four main
items. These items, shown in Figure 1, sre Best Usage Areas, Limiting
Factors, Advantages and Disadvantages. ER can best be utiliszed in open
fields that have no surface or subsurface contraints. Also, RR is
easiest to interpret when the geology is homogensous., The limiting
factors for ER utilization are surface constraints such ss asphalt or
concrete and ponded water. Subsurface constraints are pipelines, buried

containers and solidified wastes, Highly variable geology and sineral~’

ized ground water such as salt water intrusion near oceans can ispede
the proper interpretation of ER data.

Electrical resistivity affords the user some essential advantages.
These advantages are the cspability to i{dentify wvertical as well as
horizontal anomalies in the subsurface. Investigation depths can bs as
deep as 1,000 feet, but the least expensive equipsent known by the
authors will investigate 300 feet below the ground. Also, vertical
electrical soundings using the "Modified Wenner®” method (to be explained
in the case studies) can be relatively accurate in actual geologic
correlations at depth, -

The disadvantages inherent in ER are that the probes sust be pushed
into the ground, ER can be relatively tise consuming and BR reguires a
2= to 3-man crev for the most effective utilisation. These few dissd-~
vantages are overcose by the versatility and effectiveness of the ER to
give the needed subsurface data.

The utilization of IR consists of two main techniques. These are

horizontal profiles and vertical soundings. Horisontal profiles are
apparent resistivity sessurements at a single sone below the surface
taken at numerous locations over an area. Vertical soundings are
apparent resistivity seasurements at various depths below the surface at
one location., Pigure 2 illustrates one method of the horizontal profile
technique. The Wenner array of equal electrode spacing ensbles ER
Ragsyrementy to be made at one general depth zone st nuserous locations
on & site. A recommended selection of electode "A" spacing tor a pro-
file should be between one and two times the depth of interest (Bison,
1975). As illustrated in Pigure 2, the electrode spacings are at equal
distances. The current is conducted through the C and C' electrodes and
the voltage drop is seasured between the P and P' electrodes. The
forsula for calculating the spparent resistivity using the Wenner method
is as tollows:

peA (2“{"

Where: p = apparent resistivity in ocha-feet
A = electrode "A" specing betwsen individual electrodes in
oot
= 3,14
v = voltage in millivoles
1 = current in uillissperes

The Bison Mndel 23509, weed by the authors, internally celculates the
factor (20} ) s0 ome swst only sultiply the "A® specing times the Bison
éial tuiainy and scale sultiplier to cbtain the appsreat resistivity.
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Figure 3 illustrates one sethpod of the second ER technigue,
vertical soundings. Vertical soundings are seasuresents of apparent
resistivity at various depths at one location. The depths st which
apparent resistivity seasurements are sade can be varied depending on
the "Modified Wenner" slectrode spacing selected (Carrington and Watsoa,
1981). The authors normally obtain measuresents at two-foot intervals
to & depth of 100 feet. The authors have found that by using the
"Modified Venner® wethod, electrode spacing across the land surface
approxismately equals the depth of investigation within the subsurface,
As in the Wenner method, the current in the “Modified Wenner®" sethod is
conducted through the outer electrodes and the voltage drop is measured
between the inner electrodes. In the "wodified Weniner"” method, the
outer electrodes remain stationary while the inner electrodes are moved
at regular intervals outward fros the preselected geoslectric center of
the array. The forsula for apparent resistivity at an individual
electrode spacing is as follows:

g 1
pe (AR e
l:f/:l 1/:2 1/!'301/!‘]

vhere p = apparent resistivity in oha-feet
N = 3.4
R = resistivity in ohms
(Re Y.)
£, : [Lry, ¥y = distances between individual electrodes in
t

The factor (27R) is again internally calculated by the Bison 23%0 B
unit. The factor in brackets is & constant value in teet for a
particulsr electrode array. Exasples of the conatant values are shown
in tables in the discussions of case studies.

GLACIAL TILL CASE STUDY

An ER survey was conducted at a site located in glaciel till.
Glacial ¢till is unsorted and nonstratified material deposited by
glaciers. It is composed of verious sizes of rock fragments from clay
size to boulder size. The history of the site included the disposal of
hazardous organic as well as setal contaminants. Organics such as ben-

- sene, ethylbensene, chlorcbensene, wsethylene chloride, toluene, tri-

chlorosthylene and phenolics were snalysed from ground-water sonitoring
walls installed after the ER survey. Netals such as chromium, copper,
sercury, nickel and sinc were slso analysed from the ground-water
samples,

Pigure 4 illustrates a vertical sounding obtained at the sits. A
test boring located near the sounding is also showm to illustrate the
‘close corrslation between the sounding and the boring log. The water
table and top of rock ware effsctively correlated., The sppareant re-
sistivity graph shows the aumercus veriations i the subsurface appareat
resistivity. The very high value between the ground serfece and five
fest below ground is Linterpreted as dry sedinents. The water tahle,
encounterséd st 7.5 feet in the boring, 1is interpreted to de at § feet on
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the sounding. MNote the very low apparent resistivity valuve at 8 feet,
A major shift in the apparent resistivity graph and the cumulative re-
sistivity graph occurs at 30 feet. This shift is interpreted as the
topof rock, The rock type is shale so & decrease in the resistivity
would be expected. Below 30 feet variations in the apparent resistivity
graph are interpreted as minor fractures and/or lithologic changes. The
boring was teruinated at 30,3 feet so the deeper interpretations have
not been confirmed. Table 1 lists the actual meter readings and elec~
trode spacings and the resulting calculations made to determine the
apperent resistivity and cumsulative resistivity for the vertical
electrical sounding (VES) shown in Pigqure 3. Table 1 was prepared using
4 special cosputer program,

Pollowing the soundings, gecelectric zones were selected in which
horizontal electrical profiles were conducted. Geoslectric zones of
approxisately S, 10, 25 and 50 feet below ground were selected. FPigure
S is a result of the profiles on and surrounding the site. Physical
constraints such as pipelines and concrete pods prevented profiles over
a8 majority of the site itself. 1In Figure 5, the significant resistivity
anomalies (values less than 40 ohe-feet) are shown in separate areas for
eech electrode “"A" spacing of S, 10, 25 and SO feet. Background profile
values ranged fros 150 to 630 ohm-feet. Note that off-site toward the
southwest two areas were identified as resistivity anomalies at approxi-
sately 25 and S0 feet deep. These areas are not downgradient of the
site. The downgradient direction is north and northeast. The areas
were later determined to be areas of a previous landfill not associsted
with the site under investigation. The ancmslies north of the site in
the widest area of the river alluvius were not associated with hagardous
wastes but were found to be asociated with lithologic changes in the
subsurface. All other anomalies north and northesst of the site were
associated with hasardous wastes in the subsurface. Leachate was also
vigidle in these areas.

CRYSTALLINE ROCX OVERBURDEN CASE STUDY

An ER survey was conducted at a site located in crystalline rock
overburden. The crystalline rock oveburden was composed of clay, silt,
sand and weathered rock., The crysatalline rock was hornblende-~biotite
schist. Schist is & metamorphic rock. The history of this site
included a surface ispoundment used to dispoee of acidic wastes with
high concentrations of lead. The surface impoundment was subseguently
closed, but stream water quality downgradient of the site was impacted
by contaminated ground water sntering the stream.

Pigure € illustrates a vertical sounding obtained at the site. A
test boring located near the sounding is also shown to illustrate the
close correlation between the sounding end the boring log. Significant
apperent resistivity graph changes correlate well with lithologic
changes in the boring log. Note the relstively stabilised apparent
resistivity graph between 18 and 42 feet and between 58 and 00 feet.
These two somes on the sounding graph correlate with the sandy silt (18
to 42 feet) and westhered rock (58 to 84 feet) on the boring log. Also,
the relatively high spparent resistivity between 54 and 58 feet on the
sounding graph correlates with the sand sone between 352 and 38 feet on
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the boring log. Note that the Ariller indicated moderate water loss
while 4rilling between 84 and 94 feet. This water loss zone is in-
dicated on the sounding graph as fractures between 80 and 86 feet.
Below 86 feet on the sounding graph the resistivity values do not vary
substantially. This is interpreted as consolidated rock with little or
no fractures. This sounding investigation was carried to a depth of 200
feet, but the boring was terminated at 94 feet, Table 2 lists the meter
readings and electrode spacings for the sounding shown in Figure 6.

FPollowing the soundings, gecelectric zones of approximately 10, 30,
60 and 100 feet below the subsurface were selected for profiling.
Figures 7, 8§, 9 and 10 are a result of the profiles on and surrounding
the site. Several physical constraints such as pipelines, fences and
access permission limited the number of profile stations in the .hose
subdivision downgradient of the site. Figure 7 is an apparent resis-
tivity profile map showing the profile station locations, resistivity
values and contouring of the most significant anomalies. The electrode
spacing is 10 feet. This szone is above the water table. The sost
significant anomalies, those with values less than 500 ohm-feet are
located around the closed surface impoundment and just north of the
stream confluence,

Figure 8 is an apparent resistivity profile map using an electrode
"A" spacing of 30 feet. This zone is below the water table. The most
significant anomalies are »ors aerially extsnsive and the values are
generally lower than those of the previous profile at 10 feet, Note
the length of the east stream that is interpreted to be impacted by
contaminated ground-water dischaxge. Also note the contouring of a
suspected contarination plume from the west end of the impoundment to
the west stream. This plume was confirwed by surface water gquality
Seasurensents.

Pigure 9 is an apparent resistivity profile map using an electrode
"A" spacing of 60 feet. This zone is within the weathered rock tone
just above the top of rock, It was interpreted as the most seriously
contaminated zone. The values are less than 200 ohm-feet in a broad
ares from the surfsce impoundment to the east stream. Monitoring wells
confirsed the presence of ground-water contamination in this sone.

Figure 10 is an spparent resistivity profile map using an electrode
“A" spacing of 100 feet. This tone is within consolidated rock. The
resistivity anomaly is 1limited in eerial extent and the walues are
greater than 200 ohw=~feet. The anomaly may indicate an area of frac-
tures within the rock.

CONCLUSION

Electrical resistivity surveys utilised as exploration techniques
can be wvery cost-effective in gathering geologic and ground-water data
during IRP Phase II hazardous waste site investigations. Both soundings
and profiles, if properly conducted and interpreted, cen guide the
Placement of ground-water monitoring wells, The wells can be effective-
ly locasted to intersect suspected ground-water contesination, The
geophysical approach prior to 4rilling is preferred by the authors
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wvhenever the utilization can be effective. The suthors recossend that
soundings be conducted in the suspected upgradient direction, on site
and in the suspected downgradient direction. Interpretations should be
correlated with available geologic data and the relative resistivity
values of the soundings should be compared to determine if an anomaly
can be identified and mapped by the profile technigue. If the anomaly
can be mapped, then a complete ER survey (additional soundings and
profiles) should be - conducted. A complete ER survey should not be
conducted {f the resistivity data results will not yield significant
tindings to advance the Phase Il investigation,

Electrical resistivity, as with all geophysical techniques, should
be confirmed by actual drilling and ground-water sampling, but knowing
where to d4drill and how deep to sample sre two very important factors

that can save time and money as well as improve the protessionalism of
the investigation.
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THE HAZARDOUS MATERIALS TECHNICAL CENTER

David A. Appler
Defense Logistics Agency
Cameron Station, Viriginia

Murray J. Brown
U.S. Arny Environmental Hygiene Agency
Edgewood, Maryland

Torsten Rothman, P.E.
Dynamac Corporation
Rockville, Maryland

INTRODUCT ION

‘The Hazardous Materials Technical Center (HMTC) was established in
June 1982 by the Defense Logistics Agency (DLA) to provide s center of
expertise on technology and regulations related to handling, storage,
transportation and disposal of hszardous saterials, The need for an HMTC
began with the assignment of responsibility to DLA;for sanaging most of
the hazardous vastes in the Department of Defense, (DOD). 7o help in
carrying out this responsibility DLA decided to establish a contractor
opersted Razardous Materials Technical Centér. Through competitive
procuresent the Dynasac Corporation of Rockville, Maryland was selected
to estabiish and operate this Cemter.

“Tais preseatation discusses the purpose, functions, sad operating
experionce of the INTC. The IMIC 1s an Iuformetioa Analysis Ceater
opersted for DLA with techaical supetvision by the U.3. Arwey
Zavireansatsl Nygiens Agescy and DLA. The Ceater's loge is based on the
Departeant of Transpertation dismsnd~shaped hasardeus sudstsnce warning
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symbol with a green diamond in the background. symbolizing the HMIC's role
in safety and protection of health snd the environment,

+The purpose of the HMTC is to provide s single location as a source
for information on all aspects of hazardous materisls technology and
regulatory requiresents. To develop this source HMIC will Identify,
Collect, Assess, Synthesize, and Disseninate information on technology
and regulations for the management of hazardous materials and wastes.
This information will cover all aspects of haszardous materials/waste
management and will come from s wide variety of sources. The data will

be evalusted by the HMTC staff and the result disseminated in Puser ?
friendly" manner by the most appropriate "fﬁl«\ —
i

The initial users will be primarily DLA and the Military Services,
with information provided to other Federal, State and locsl government

agencies and the commercial/industrial sector on a non-interference basis.
FUNCTIONS

The HMTC is organized along two functional lines: development of s
vartct? of products snd services, and the creation of the Disposal File
for the Hazardous Materials Information System (HMIS). The first
functional area, Products and Services, includes the development of a
variety of technical written publications such as:

o0 Handbooks sre general guidance documents on broad topics.

Potential subjects are Disposal Technologies, and the Storage and
Handling of Razardous Materials.

o State-of~the-Art Reports (SOARs) are more specific and limited
than haa s and can be considered monographs targeted to an
experienced technical sudience. Some potential topics are

Hazsrdous Waste Exchanges, and Monitoring Equipment for Raszardous
Wasote Disposal Sites.

o Critical Revievs/Technical Assesaments are similar to
e=-01~ potts [ specialized.
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© The Newsletter, the HMTC UPDATE, is a quarterly publication
containing articles on new tecﬁnology and regulatory
developments, & calendar of events, and other articles of
interest to personnel engaged in any aspect of hazardous
saterisls/vaste mansgenment.

0 Abstracts and Indices. HMTC compiles abstracts of all the
pertinent literature added to the Center's repository and
publishes the HMTC Abstract Bulletin on & quarterly basis. The
HMTC also prepares an annual index of all the abstracts published
that year. The abstracts are sorted into twelve major index
categories and retrievable using a specislly-developed
hierarchical keyword system.

o Bibliographic Searches. 1In addition to the HMTC database the
Center has access to some 200 other computerized databases. A
search begins with development of a search strategy designed to
maximize retrieval of relevant material. The selected databases
are searched and the identified abstracts reviewed to eliminate
duplicates and obviously irrelevant material. The abstracts are
then sorted alphabetically by senior author and bound into a
booklet for delivery to the client. Typical subjects for
bibliographic searches have included environmental and health
effects, treatment of hazardous wastes, and toxicity data.

Another service of HMTC is the response to technical inquiries. The
inquiries are received by phone or mafl, and sassigned to a technical
staff menber for preparstion of the response. They are also included in
the HMTC user analysis program. One purpose of the latter is to identify

common areas of concern for early action. Each response also is
abstracted and included in the HMTC database. Typical subjects for
technical i{nquiries include disposal technology, regulatory requirements,
product composition, and safety and heslth procedures.

In the special studies category, HMIC hes performed a variety of
ptojects including system safety studies of storage facilities,
engineering evaluations of disposal technologies, development of remedial
action specifications for hazardous vaste disposal sites, and hazardous
vaste managesent surveys. We also provide support to the Mational
Library of Medicine development of the Toxicology Date Bank, In the
performance of special studies, wve drav upon not only the HMIC full-time
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staff but also on the multidisciplinary and highly-experienced science
and engineering staff of the entire Dynamac Corporation,

The Dynasac in-house computer resources are used to perform the
cataloging, storage, and management of the information used in preparing
technical inquiry responses, disposal dsta, and the various
publications. Current plans sre to have 2 hazardous substances
regulatory database and the HMIS available as on-line systems in the nesr

future,

The other major function of the HMIC is the development of a dis-
posal file for the Hazardous Materials Information System (HMIS). The
HMIS is a computerized database set up in 1978 by DLA to provide an
organized repository for the information on the Material Safety Dats
Sheets (MSDSs) received from the suppliers of msterials. The HMIS is
also intended to assist in achieving compliance with pertinent regula-
tions in the areas of safety, health, and transportation by making the

necessary inforsation readity availsble to persons in these areas.

The data files and the data elements currently in HMIS are described
in the following overview, setting the stage for discussion of the data

elements for the Dispossl File.

The HMIS currently has two data files:

o Safecy and Health F!le - for which the information coumes
primarily from the Material Safety Data Sheets (MSDSs).

o Traasportation File - for which the information is prepared by
the person developing the data for the HMIS based on the MSDSs
and other data.

The information for third file containing disposal information, is
being developed by the MMTC in close coordination with the users of the
mM1S,
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The Safety and Health Pile is comprised of five major sections:
Identification and Logistical Date; Cheaical Composition and Physical
Properties Data; Safety and Health Information; Storage, Spill, Leak, and
Disposal Procedures Data; and Supplemental Safety and Health Data. The
ldentification and Logistical Data section contains key items for the
product, such as National or Local Stock Number, Federal Supply Code for
Manufacturers, NIOSH Code, and Focal Point Indicator, which are unique to
the product and may serve as links to the other files (Transportation and
Disposal). These data elements also serve as a basis for retrieving
information from the Safety and Health File.

The Chemical Composition and Physical Properties section contains
informetion about the chemical components and the physical and chemical
properties of the materisl, such as pH, boiling point, vapor pressure,
solubility, and flash point.

The Safety and Health Information section contains information on
such items as explosive concentrations, threshold limit value (TLV),
first aid procedures, hazardous decomposition products, and protective
equipment.

The Storage, Spill, Leak, and Disposal Procedures section provides
the user of the product with guidance on appropriate action to take in
storing the product, snd how to handle a spill of the product, and in
vhat manner the contained, spilled, or leaked material should bde
disposed., The waste disposal referred to here is for materials used to
clean up spills and is very general in nature., A typicsl fnstruccion is
“Place material in suitable container for shipment to disposal area.”
Obviously, this s not enough to insure compliance with regulatory
tequirements for routine hazardous materials waste disposal. The
Supplemental section is used for information which exceeds the capacity
of the data elements in the other sections,




Similarly, the Transportation Pile has an Identification and
Logistical set of data elements in additfon to Transportation snd
Supplemental dsts elements. The Identification and Logistical dsts in
the Transportation File serve the same purpose as those data in the
Safety and Health File. However, the Transportation data pertains
exclusively to the manner in which hazardous naterials are shipped.
Beginning with the product measurement data and special chemical classes
in regard to shipping snd ending with the different avenues of shipment
(road, vater, or air), the transportation dats provides the user with a
comprehensive source of information. This information is used to
determine transportation restrictlons, shipping modes, packaging, and
ladeling and nanifesting requirements. The Supplesental section in the
Transportation File serves the same purpose as in the Safety and Health
File.

The final data file is the Disposal File which is being developed by
the HMIC in close coordination with the organizations expected to be
using the File and based on their experience,.

It is proposed that fivc‘najor sections of dats elements will
comprise the Disposal File, These sections include:

© General Information

o Dispossl Deta Elements

o WVaste Htﬁtfc-t Data Elements

o BHsndling/Storage Dats Elemencs

o Supplemantal Disposal File Deta

The Genersl Inforsation section is comprised partly of those dats

slements found in the Jdentification and Logistical dats sections of the
existing Safety and NHeslth and Transportation files,

i~ e g
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There are also several new data elements in this file. For the
purposes of this discussion, only the significant new data elements are
presented for consideration. These data elements are focused on DOD's
needs and not all entries will be of interest or use to the non-DOD
community, especially in the General Information section. However, some
information even in that section and most of the information in the

others, are of common interest.

General Information (new data elements)

0 Accountability Acceptance by Defense Property Disposal Office
(DPDO) -~ DOD policy has established eight categories of hazardous
materisls, such as biological/chemical warfare agents, unique R&D
wastes, and municipal wastewater sludges that are not to be
reported to a DPDO for disposal. DOD policy is that these
materials will be the responsibility of the generator of the
naterial. This first new data element would indicate whether or
not the material {s {n any of those excluded categories and would
therefore ensure uniform application, worldwide, of this policy.

o DPDO Disposal Assistance Service - indicates those items for
which & DPDO will provide disposal assistance even though not
required to formally accept the item, 1.e., a DPDO might set up a
service contract to dispose of industrial sludges.

o [Environmental lmpact Statement/Environmental Assessment
Availability - indicates vhether a National Environmental Policy
Act document has been prepared on the disposal of this substance
and where copies of this document are available.

Next, the Disposal Deta elements sppear, vwhich are the key items of
the HMIS Disposal File. They indicate the sppropriate EPA Hazardous
¥Waste Code under RCRA, the hazardous characteristic(s), and whether any
or all parts of the DOD disposal cycle can be bypassed. These elements
vill provide complete technical instructions and recommendations for
disposal of the material, supported by a techanical handbook which allows
the presentation of detsiled informstion.
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DOT Basard Class - conteains the proper hazard waste class for
shipment of haszardous waste. i

UM/NA Mumber - provides either the United Nations MNumber
appropriate for international and domestic shipments or the MA
number for items not recognized for international shipment
(except to or from Canada),

DOT Waste Label, - indicates the typs of label specified for the
icem a8 a vaste.

Reportable Quantity - indicates if the package quantity 1is large
enough to de considered a "Reportadle Quantity.”

The next group of dats elements are designed to provide information
on specisl handling and storage requirements or precauvtions relevant to
the hazardous material. Although some of this inforsstion may duplicate

dats already in the Safety and Health or Transportation Files, an

expanded input will provide sore specific information to meet the
regulatory requiremsents of DOT and EPA.

Handling/Storsge Datsa Elements

o Handling/Storsage Precautions/Materials To Avoid. 1Indicates

specific handling/storage requiremants or precautions relevant to
the hazardous characteristics of the materisl. Por example
exposure to heat/cold/water or dryness or just simple aging could
change the properties of certain materials and sake thes wmore

hazardous.

o HMIS Storage Compatidbility Code. Indicates storage compatibility
codes as defined in the HMIS Procedures Manusl, DOD 6050, 5-M.

© Spill and Lesk Control. Contains emergency procedures for
control of s spill or leak.

The Supplesentsl Disposal File data elesents will provide & place to

11st sny unique data relevant to disposal of the fitem, as well as

providing additional explanatory data relative to other dats elements.

Although the data elements proposed for the Disposal File appesr
primarily adsinistrative and logistical {n nature, they are synthesfzed

R4
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from exteusive sclentific and technical information on the hazardous
aaterials to ensure that the procedures recommended are technically
sound, meet all environmental and health regulsations, and are
implenentable.

For example, the following factors are considered in the development
of these data eleuments:

o Potential degradation due to long term storage, e.g., plcric acid
vill produce explosive crystals upon aging

o Environmental transport mechanisms and environmental fate
determined by the chemical/physical properties of the materisl
and specific site characteristics

o Treatment technology evolutions such as dbiodegradation,
wmicro-orga {sw acclimatization, chemical neutrslization, fixation
and solidification, slov and rapid oxidation

o0 Industrial hygiene and engineering control technology as parts of
s safety and health program for disposal workers

The developument of special products by the HMTC is the next topic to
be addressed in this paper. The HMTC contract contains an income
objective provision which perumits the addition of new tasks, related to
the sanagement of hazardous wmaterials or vastes, in a relatively short
time perfod. The special product development begins with discussion
betveen customer and HMTC staff to establish a thorough understanding of
the customer needs. HMTC staff then prepares a detailed work plan
containing the technical approach, time schedule, cost estimate and
categories of personnel to be used on the project. After approval of the
vork plen, the customer transfers the funds to DLA and the project
begins. After some papervork is completed to establish the initial
sschanism, any nev task can be undervay in adbout two weeks after
discussions begin between the customer and HMTC.

Most of the discussion in this presentation center on the activities

of the Technical Operations/MMIS Croup. This group consists of




engineers, chemists, biologists, toxicologists, and many other scientific
and technical specialists drawn from across the Dynamac Corporation as
necessary. Supporting this group is the Information Support Systems
Group which operates the computer and the HMIC repository and is composed
of a staff of computer programmers, data entry personnel, a If{brarian,
and research assistants., The Center also has & User Relations Group
vhose main function is to identify user needs to assist in refining the
HMTC products and services. The Publications Group also pubdblicizes HMIC
through a pariodic nevsletter, brochures and nevs releases. This group
produces twvo periodicals, the HMIC UPDATE (2 quarterly newsletter), and
the HMTC Abstract Bulletin. It also provides editorial review for all
reports and other documents prepared by HMIC.

The HMTC 1s physically located in The Dynamac Building at 11140
Rockville Pike, Rockville, Maryland.

Mail should be sent to:

Hazardous Materials Technical Center
P.O. Box 8168
Rockville, Maryland 20856-8168

HMIC also has dedicated phone lines for easy access. Froms anyvhere
in the United States, including Alaska and Hawaif (dut not Maryland), you
can reach HMTC via (800) 638-8958. 1In Maryland call (301) 468-8858,

HMIC can also be reached via the FTS on (202) 468~8858. Since HMTC is
not an emergency response center, the phone lines are staffed only during
normal Eastern Time Zone business hours, i.e., 8 an to 5.30 pm, Monday
through Fridsy. During other hours your message vill be recorded, and
your call returned the next business day.

In conclusion, HMTC is a center of techuical and regulatory
expertise serviag primarily DLA snd DOD vith publications and services,
and these are provided to others on a noninterferance basis. We will de
vorkiang closely with all potentisl users to ensure those products and
services seet the user needs.

[
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COMMUNITY RELATIONS ACTIVITIES AT DEPARTMENT OF DEFENSE SITES

By
Dephne Gesmill, U.S. Environmental Protection Agency
and
Mary D. Sexton, ICF Incorporated ! ‘

Community relations activities during hazardous waste site cleanups are
important for several reasons. Through these activities, the response agency
can provide citizens affected by the site with needed information about site
contamination and the likely effects of cleanup actions. Citizens in turn can
provide the response agency with needed information about the axtent of
contemination, sbout alternative response actions, and sbout responsible
parties. And, a close working relationship betwesn the response agency and
the community can help ensure that the community will support a cost-sffective
remedy at the site. This paper describes what the Environmentsal Protection
Agency (EPA) has learned sbout effective community relations activities at
hazardous waste sites and suggests how some aspects of EPA’'s approach to
community relations may be applicable to Department of Defense (DOD) sit

o8
EPA'S COMMUNITY RELATIONS EXPERIENCE ”T‘

During the first three years of the Superfund program, EPA has found that
a good community relations progrem st hazardous waste sites requires
substantially more than & public relstions effort. For example, EPA has found
that citizens do not always accept that the government hes their best
interests at heart just becsuse the agency keeps them informed about the
planned response actions. Instead, citizens have stressed that they want
specific kinds of information about their site when they need it and in the
form they need it. EPA has also learned that some citisens want more than

information sbout the site and response action: they want an opportunity to
be involved in response decisions.

Providing citizens with the information they need and involving thea in

response decisions is & resource-intensive effort that requires skill and .
commitment. For example, to identify the kinds of information citizens want

sbout the site and the planned response action, agency staff wmust meet with ¥
citizens and ask: what information do you want sbout the site? in what form L
do you want i{t? when and vhers do you want to receive it? how can we ) :

sccommodate your need for information if we cannot for some reason mest your
specific requests?

Furtharmore, citizen involvement in response decisions often requires

' Dephne Gemmill is EPA Hesdquarters Superfund Community Relations
Coordinstor. Mary D. Sexton is a consultant and community relations project
sanager st ICF Incorporated.
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substantislly more then implementing & forsal comment period on response
decisfons. It can mean meeting with citizens regularly during remedial
planning to elicit and consider their concerns. It can involve keeping
records of comments citizens make throughout a response action and then
desonstrating how the agency considered these comments and factored thes into
response decisjons. Or, citizen involvement may require aliciting citizen
comments on procedures for implementing cost-effective alternatives and then
implementing the community's preferred approach (such as cowplying with the
community's wishes about the timing and route of transport of wastes

off-site). In all cases, citizen involvement means giving citizens an
opportunity to affect response planning and decisions.

EPA's recognition that comsunity relsations requires both an information
program and an active citizen involvement program developad over a three year
period. When the Superfund program was first implemented, EPA conducted an
analysis of 21 hazardous waste sites to determine how community interests can
affect response activities. Among other things, this analysis confirmed that:

* Every site has the potential for public opposition, heated
conflict, and high media visibility;

®* Public opposition to agency responss plans can lead to
delays, work stoppages, obstruction of technically sound
remedies and cost overruns; and )

¢ The technical adequacy of a response action in no way
assures public acceptance.

In response to this analysis, EPA designed and implemented a community
relations program for Superfund. Under this program, EPA staff in the
Regional Offices were required to develop & community relations plan for each
remedial and longer term removel site that detailed the two-way communications
activities to be conducted at the site. The program also required that EPA
hold & formal comment period prior to selecting a remedial alternative and
give prior notification bafore taking response actions. About a year ago,
after undertaking a program review and listening to public comment, EPA
decided that its program was adequste as a public inforsation program but
inadequate as a citisen involvement progras.

Since that time, EPA has modified its comsunity relations policy,
strengthened its commitment to involving citisens in response decisions, and
initisted a training program for Regional Office and state staff to ensure
that the policies are understood snd carried out. EPA's current goal is to
ensure that its Superfund community relstioas program is both a public
information program and & public participation program. As Adeinistrator
Willism Ruckelshsus stated recently during e pilot training progrem: "The
purposes of the progres are to:




Encourage -~ actively -« citisems to empress their
concerns end provide infermstiea;

Seek out -- gctivgly - citisem commeats to all respemse
sctioms;

Consider -~ explicitly -- citisen comments in formulating
response decisions; and

Explain -- specifically - how citisen commeats were
incorporsted into reaponse decisioms.”

To ensure that the program’'s objectives sre reflected ia activities
cerried out at sites, EPA now requires thet:

Comsunity relations plans be based upon discussioms with
state and local officials, civic snd community
orgsnizations, interested residents, and medis to gain o
first hand understanding of the major community issues,
citizens' inforsstion needs, and level of public interest.

Community relations act:vities be closely integrated with
technical responss activities.

A comment period be implemented before remedial decisioms
are msade.

Community input be solicited at other points during the
respor:se action as well, wharever feasible snd needed.

Response sgency staff document how comsuaity input was
considered and incorporsted iato respoase plams.

We bring this abbrevisted history of EPA's commmity relstions ato;r- to

DOD's attention because we believe that DOD cen bemefit from EPA's

lessons

learned” in designing its spprosch to community relstioms during respomse
actions. Under the MNesorandus of Understamdiag (MOU) between DOD end EPA for
implementing the Comprehensive Envirommental Respoase, Compessation, and
Liability Act of 1980, DOD is responsidle for providing inforsation to the
local commmunity when DOD hes sole respensibility for the site and is jointly
responsible for community relatiomns ectivities with EPA where EPA and DOD
share site responsibility. The MOU states that IPA and DOD must comduct
response actioms in accordamce with the procedures established by the Natiomal
01l and Nesardous Substances Pollutiom Contingency Plea (NCP). Section
300.61(c)(3) of the NCP requires that response agencies "be semsitive to local
community concerns |[in sccordemce with applicable guidemce]."® As DOD

|
provisions regarding comsunity relatioms sctivities will be strengthened.

The NCP is curreatly being revised. [PA anticipates that the
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explores what it means to be "sensitive to community concerns”, it may wish to
consider how the suggested program philosophy and activities outlined below
can be tailored to the needs of its Installation Restoration Program.

SUGGESTED COMMUNITY RELATIONS PHILOSOPHY

EPA has found that there are a number of attitudes that are important for

response staff to have and convey in carrying out a cleanup action:

EPA has found that while this community relaticns philosophy appears to be
straightforvard, it s actuslly very difficult to implement snd to do so
consistently. DOD msy encountsr similar problems. For exassple, althosgh DOD
public sffairs experts will probably be enthused about an active
communications progrem, scientists and engineers working at the site may mot
be comfortable with the ides of meeting with citisens, amswering their

Consider the site's community relations program to be an
integral part of the response effort. This requires
building a close working relationship betwsen technical
response staff, public affairs staff, and any contrasctors
supporting the Department's afforts.

Recognize that citizen concerns are legitimate and that

they need opportunities to express them and to have them
considered seriously. Citizens living near DOD sites may
believe that their health, their children's health, their
water supplies, or their property values are threatensd. In
addition, they will have to live with the results of any
response action long after the agency completes the action.
Their concerns, therefore, should bea addressed as early as
possible in the response action.

Be sensitive in your dealings with citizens. They are not
adversaries. Particularly in any early meetings with
citizcns, wake more of an effort to listen than to talk or
explain the Department's position. Try to identify what
citizens' resl concerns (such as threats to health) are as
opposed to their stated positions (such as demands for
cleanup in & certain time period). Develop a comsunications
program that responds to their real concerns.

Acknowledge that citizens may provide the Department with
valuable information. This information wmay take several

forms: information about responsible parties; information
about the extent of off-site contamination; information
about health effects. Furthermore, some citizens way have a
strong engineering or technical expertise that allows them
to comment constructively on remedisl alternatives being
considered by the Department.

ST v s
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questions, and eliciting citizen input. [n addition to sufficient resources
allocated to community relations, two thin re needed to make the philos
work:

* Community relations trsining. Even if DOD's public
affairs steff will have primary responsibility for
conducting community relations activities at sites, DOD's
technical response staff will also need to meet with *
citizens, participste in meetings, review citizen comments,
consider how their input might affect response decisions,
' and help document how the Department responded to citizen .
input. To do these things wall, most technical staff will
require training in how to avoid conflict, in how to conduct

] and participate in effective meetings, in how to build good
media relstions, and in how to identify areas for citizen
input.

. * Top msnagement commitwent. Integrating community
i relations activities with the technical response program

. will not happen unless the Department's top management says
that it sust happen. With all of the pressing response
efforts that go on at & hazsrdous waste site, comsunity
relations will alvays be given minimal sttention unless the
response program's top management emphasizes that it is &
high priority.

SUGGESTED SITE IVITIES

et e T

EPA's community relations program emphasizes that communications
asctivities at Superfund sites should bs tailored to the needs of the
community. It includes, however, both required and highly recommended
asctivities that wers developed sfter an analysis of effective response actions
across the country. DOD staff may wish to consult the guidelinas for these
activities that EPA has prepared for its staff with Superfund site
responsibilities. ([See U.S. Environmental Protection Agency, Community
Relstions in Superfund: A Handbook, September 1983.}]

R e S

Based upon our assessmant of those activities that heve been most needed
and useful at EPA sites, we suggest the following community relations .
activities for DOD's consideration. Again, becsuse sach site presents
sarkedly different response sand community relations problems, no one set of
activities can be prescribed for all sites. We view the activities listed

below as & model community relations progras. .
Activity 1: Conduct personsl meetings with corcerned citiszems.

SIS

Before performing site work, DOD public affairs or technical staff (or
both) can consider meeting with citizens affected by the aite, local and state
officisls, and othar concerned community mesbers to identify their concernms.
Experience has demonstrated the importemce of early, persons) contact betwaen




citizens and government response agencies. These mestings can be extremesly
useful for eliciting community input on the following:

* The level of public concern and the history of citizen
involvement in seeking a solution to problems at the site;

* The types of information citizens would like to receive and
the form in which they prefer to receive it (e.g., small
group meetings, fact sheets, progress reports, news
conferences);

® Citizens' perspectives on the history of the site and any
potentially responsible parties of which they might be aware;

* The kinds of health and environmental problems citizens may
have noticed that might have been caused by exposure to the
substances found at the site;

¢ The existence of other citizens concerned sbout or having
information about the site whom DOD should contact;

* Those elements of the response action of greatest interest
to citizens; and

® The kinds of response actions citizens would like to see
conducted.

Activity 2: Prepare a communications plan for the site

A community relations plan, based upon discussions with interested members
of the community, can be a useful document for: detailing the Department's
understanding of the major community issues; sxplaining how the Department
will provide information and elicit citizen input; providing a schedule of
communications activities: and listing DOD staff that citizens can contact
with questions. This plan can be provided to or made available to interested
members of the community.

Such a plan serves many useful purposes. It forces staff to identify
major community concerns and think through how the agency will respond to
thes. It requires staff to identify points of community input and to make
these known to the community. It is a good management tool for tracking
progras accomplishments. And, it demonstrates to the community that the
Department is serious about its cosmitment to provide it with information and
to provide it with opportunities for comment.

The plan obviously does not ensure that s good community relstions program
will be conducted at the site. But, without a plan, it is unlikely that a
program that meets citizens' needs will be implemented.
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Activity 3: Implement a formal comment period prior to selecting the
cleanup option

A formal comment period on the proposed remedisl alternative is & good way
to ensure that community views on DOD response actions are elicited. In

addition, it would allow DOD to meet the National Environmental Policy Act's
requirements for public participation.

During any comment period implemented by DOD on proposed response actions,
DOD might find it advisable to conduct small group meetings or workshops to
explain the results of its remedial studies. Prior to the close of the :
comment period, DOD might also wish to consider those areas where it has soms
flexibility in meeting citizen concerns and explore those areas with
citizens. (For example, citizens might dissgree with DOD's plan for the

placement of site structures and DOD might be able to change its plans to
accommodate citizen concerns.)

Activity &: Establish an information repository

An information repository is a project file, located in a convenient
location in the community that contains site information, investigatory
reports, and other documents on site activities. It is being used as an
effective information provision technique during & number of Superfund
response actions such as the respunse at the New Bedford, Massachusetts site.
The Acushnet River in New Bedford, Massachusetts has bacowme contaminated with
PCBs and heavy metals, forcing & ban on commercial and subsistence fishing and
lobstering. Among the techniques that EPA is using to provide inforwmation to
the local community is an information repository located in town halls and
libraries in New Bedford and neighboring Fairhaven. EPA is including in the
file information about PCBs, the known sources of the contamination, the most
affected areas, and the schedule of site activities. Both technical documents
and non-technical explanations of the documents are placed in the fils.

Activity #5:

Conduct small group meetings and workshops

EPA has learned from experience at & number of sites that large public
meetings and formal hearings, traditionally the centerpiece of a public
participation progrem, are often inappropriate vehicles for communicating
information about response actions snd for obtaining citizen input. Large
public mestings can also exacerbate any sxisting adverssrisl relationships
between citizens and the government, and prevent constructive discussions.

Small group meetings and workshops can dbe effective communications tools :
at sites in the following kinds of situations:

® DOD believes that citizen interest in the planned response
action is high and citizens may desire a substantial amount

of input into the response action and s _substantial amount of s
interaction with Department staff. ‘
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well. This epproach is bssed on the premise that citizens not only need

. The release caused (or is perceived to have caused) a
number of health problems for residents near the site and
these individuals need to receive detailed information and
explanations of health studies.

* DOD's relationship with the community has not been good up
to this point for any number of reasons and a closer working
relationship with affected citizens would improve trust and
cooperation.

® DOD has sufficient resources available to plan and conduct
4 series of informal meetings and workshops that are
ultimately available to all interested citizens.

EPA has given considerable thought to how to plan and conduct small group
meetings and workshops and can provide this information to DOD's community ]
relations staff. N

Activity #6: Provide progress reports

Progress reports are brief fact sheets describing past site work and the
latest developments occurring during the response. They are more detailed ¢
than news releases and less detailed that background papers. Their target %
audience should include local officials, citizen leaders, civic and community 1
organizations, and the media covering the site. For example, a progress
report may contain information such as: the types and quantities of
substances known to be at the site; the known extent of contamination; a brief
explanation of ongoing activities; DOD's response plans over the next few
months; and DCD contact staff. Progress reports can either be issued on a
regular basis (say every month) or whenever important developments occur
during & response (for example, the conclusion of a phase of the DOD response
action).

Activity #7: Call or meet with citizen leaders frequently to inform
them of progress

EPA has found that consistent, personal contact with citizens is the most
important determinant of a successful community relations program. While
frequent contact is resource-intensive in the short run, it is extremely
cost-effective in the long run. Thers is no better way to demonstrate the
Department's commitment to keeping the community informed and to eliciting its
vieuws.

SUMMARY

This paper has highlighted an spproach to community relations activities
at hazerdous vaste sites that has worked for EPA and say work for the DOD as

information about hazsrdous substance response actions but also have the right




to ba involved in response decisions. It s an spprosach thst is mutually
beneficial to the community and to the government reaponse sgency. Under the
program outlined above, citizens receive the information they need and have an
opportunity to affect response decisions. The govermment agency in turn often
receives needed information from citizens, gains community support for an
efficient response sction, and avoids counter-productive disagreaments.
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INTRODUCT LOM

~~Aetivities of the U.8. Army at amsmunition plents, depots, and
arsenals ianvolve the handling end asppropriste disposal of s variety of
materials identified ss potentiaslly toxic or hasardous to human health .
and the environment, Section 3001 of the Resource Conservation and
Recovery Act of 1976 defines hasardous wastes as:

' "...a s0lid vaste, or combination of solid wastes, which because of
its quantity, coacentration, or physical, chemical, or infectious
characteristics may ~--

a. cause, or significantly coatribute to an increase in
mortality or an increase in serious irreversible, or
incepaciting reversible, illness; or

: b. pose a substantial present or potentisl hazard to human
i health or the enviromment when improperly trested,
stored, transported, or disposed of, or otherwise
managed.”

BN

\)lhurdoul wastes are of concern since they may be lethal,
nondegradable, persistent in nature, and/or biologically magnified.
L 4 Planned and unplanned discharges of hasardous wsates can lesd to soil
contamination and, possibly, surface and ground water contamination as a
result of surface runoff and subsurface transport. 8oil contamination
has occurred in the vicinity of planned landfills and liquid waste
holding ponds which are located in permeable soils or improperly lined.
Unplanned diecharges can occur ss a result of accidental spills, aod
soils in spill areas have slso been contsminated.

MAGCNITUDE OF PROBLEM y
A study to deteruine the magnitude and scope of military basardous

vaste problems and to identify and assess the Department of Defemse .

(DOD) hasardous waste uanagesent spproach and future needs has been 9

conducted (Kewaoks, et al., 1981). The study approach was designed to

survey curvent activities of DOD sgencies involved with hazsardous waste

ssnagemeat operstions and associsted ressarch aend development .

activities. Discussions were held with DOD policymakers, command and

field sansgers, and techaicsl experts to determine what they perceived

a8 critical areas and appropriste management strategies. Regulatory

isswes and curremt resesrch activities were discussed with U.8.

Enviroumental Protection Agency (EPA) officiale. These discussions were

supplemented Dy & veview of pertineat reports, memorands, and

regulations. The magnitude of the prodblem is illustrated by the fact

that 911 isstsllations are in the process of being checked for hasardous

weste sites, and as many as 200 may require some type of clesmup actionm.

The followiag United Press Internstional setory (Augwet 11, 1983)

illestrates the mstiossl comcerns related to this prodlem:




The Pentagon, with its wost exensive programs already uader
way, still expects to spend asbout $500 million to finish clesming
hasardous waste sites at military installations, a defense official
says.

. Lt. Col. Peter Daley, director of envirommental policy for the
v department, said Wednesday the Defeuse Despartment has been working
. since 1980 to locate hazardous waste sites on all defense lands.

The program involves 911 installations, but only 130 locations
* remain to be checked, Daley told the investigations subcommittee of
the House Public Works Committes.
Daley estimated that as many as 200 instellations require some
cleanup actions, but only 18 are completed or under way.

Of those remaining, he said, "We don't know of any cases where .
ismediste health or eavirommental threate exist. In addition, the *
great majority of the clesnup actions we will face are relatively
small scale.

adding that the median costs of the first few clesnup projects has
been asbhout $] millioa, but the cost is expected to drop for the
later, smaller projects.

? “fhe bottom line is that it's going to cost about a half &
billion dollars to complete the cleanup task,” Daley said.

Subcommittee Chairmen Blliott levitas, D-Ga., uwoted reports of
disagreement and lack of cooperation between the Defense Department
and the Baviroumentsl Protection Agency, which has the major role
in hagardous waste control.

e

‘ "Most of the few big, costly programs are under way,” he said,
,
A4

LML w i e ot b e Watbn -

a el A L

The $1.6 billion Superfund suthoriszsed by Coagress to pay for

. hasardous weste cleanup operations is not available to goveroment v
agencies and Daley noted the cleanup funds for military sites will )

coms from tha services operstions and masintenance accounts. :

. Daley seid the Pentagon and the EPA resched agreement Tuesday
on &4 ssworandus of understanding that outlines how the two ageancies
will work together in clesning up waste seites &t wmilitary
iastallations.

He stressed that the EPA end state and locel officisle are
given all information about such sites “as soon a9 we are sure it ol
ie technically accurate.” )

Levites oaid the federal goverament, particelarly the i
Pontagon, "must be on exnample for the nstiom omn how to handle thess
(hanardous waste) predleme.”
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Reap. Guy Molinari, R-N.Y., said the Defense Department i
“probably the greatest geunerator of hasardous wastes aemong all
federsl agencies.”

The Departmeat of Defense (DOD) has daveloped a program to identify
and evsluate past hasardous material sites oo DOD property, to control
the migration of bhazardous costemimants, and to control hasards to
health or welfare that may result from thess past disposal operstions.
This program is cslled the Installation Restoration Program (IRP). The
IRP s & four~-phase program consisting of: Phase I, 1Initiasl
Assessuent /Recorde Search; Phase 11, Problem Coufirmation; Phase 111,

-Technology Base Development; and Phase 1V, Operations. The U.8. Army

through the Toxic end Hasardous Materials Agency (USATHAMA) has
conducted & number of Phase I gstudies at Army installations, with
sevaral locations procesding to subsequent phases depending upon the
Phase I findings.

There are multi;i- potential sources of hasardous wastes handled or
generated at U.S. Arcy imstallations. The multiplicity of eources can
be illustrated by two studies conducted by the Comstruction Enginsering
Research Laboratory (Messenger, et al., 1983; and Kraybill, Mullen and
Donshue, 1980). The firet astudy investigated the feasidility of
tracking hezardous materials through procurement, distridutiom, use,
collection, end dispossl at U.8. Army fixed facilities (Massenger, at
al., 1983). It was found that a complete tracking system would require
major changes to materials distribution and accountability procedures.
Isplementiag complete tracking procedures would be very costly at
militery installations because of the great diversity of hasardous
saterials procured and the large anumbers of activities which use them.
Another tracking system investigated was the monitoring of procurement
data. This type of osystem has been used guccessfully at two
installetions end it wes recommended that it be tried at others om an
experimental basis.

The second CERL study examined hasardous waste productioa at two
militery imstallstions snd a major Army hospitel (Kraydill, Mullea aad
Donshwe, 1980). 8Six wmajor hazardous wastes were found: (1) waste
oil/petroleum oil 1lubriceat (POL) products; (2) solvest teak bottom
sludges; (3) paist wastes; (4) pesticides and insecticides; (3) PCBe;
ond (6) medical/infectious vastes.

A musber of U.S. Army resesrch ectivities have beea recently
conducted on the geaersl isews of hasardous weste mnenagement and
disposal, and oseveral illustratioms will be cited. owa (1972)
presested & sethodology that can sssist the Army in allecating resewrces
asong candidate vessarsh and develognont studies on the euvirommeatal
offects of Army chemisals, is & cest-effective mammer with respect to
the development of eriteria for stendsrds. The besis of the msthedelogy
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is a mathematical wmodel of the process lesding from the iaitial
pollution of air, water, or land to the eventual envirommental effects
of tha chemicals in question. The model estimates a totsl hasard value,
weighted emong human and ecological effects, with & corresponding
uncertsinty dus to lack of knowledge. The allocation methodology then
compares the reduction in hasard uncertainty expected to be achieved
after a research study with the cost of the study, end ranks candidate
studies according to the ratio.

Mikucki, et al. (198)) conducted a study of the charscteristice,
control and treatment of leachate at military instellstions. The study
raport documeats the results of an extensive review of literature on
leachate, provides iatroductory information sbout leschate, sud answers
such questions as: what is leachate; why is it important; what are its
characteristice; how can s leaching landfill be detected; how can
leschate formstion be witigated; and what does remedial sction cost.
The report is iatended to educate Army personnel about leachate, provide
DA poiants of coantact for assistance, and provide guidelines for problem
identificetion. This report may bde used by PFacilities BEngineers to '
identify leaching landfille, prepare and implement & monitoring program, ' <
and institute short-term remedial measures. :

Two epecific studies have been conducted on waste materials and
soils (Houle and long, 1980; and Kaplan and Kaplan, 1982). Houle sud
Long (1980) reported that a graded sarial batch extraction method {s
useful for studying the leachability of iandustrial wastes and for
determining the retention characteristice of wsoils. A correlation
between waste and soil extraction volumes and the tise of ileaching in
columns or in the field allows for the development of a techanique for
the accelerated testing of wastes and soils. The leachability of heavy
metal-laden wvastevaters wvas examined in this study through such batch
tests.

Kaplan and Kaplan (1982) vreported on a sstudy of the
biodegradability and wmutagenicity of 2,4,6-trinmitrotoluene-surfactant
(TNT) complexes in soil and water. 8o0il lesching studies indicated that
in situ immobilisation of THNT is oot feasible due to the large ]
quantities of surfactant required and the inability of the surfactant - *
trestwent to immobilise TNT microbial reduction products. The Ames
screening test for mutagenicity revesled that these complexes are a
significent mutsgenic hasard.

Finslly, some resesarch has been dome on the fimatios or coatrol of ;
hasardous waste wmigration in eoil, and two exemples will de cited
(Rosencrance snd Kulkarni, 1979; and Price and Sommerer, 1962), In the o
first study, electroplating waste samples from Tobyhaana Army Depet, PA, -3
and other syntheticslly prepered semples of hasardous waste wers fined ' ;
by the WPC-VRS process of Wermer end Pflsiderer Corp. (ssphalt micre- 5
encapsulation) snd evelusted by using the modified Wiscomsin leaching &
test (Rosescrance and Kulkerni, 1982). It was found that the process
provides satisfastory attemustion to leaching of bheavy metal iems,
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hexavalent chromium, and cysnide. The presence of complexing ions like
cyanide, emmonia, and high pH, however, seeme to adversely affect the
performance of the process, slightly incressing the leaching of szinc,
copper and cadmium. Excepting these metals, the comcentratioms of other
metals in the leachates pgenerated are within the limits set by the U.S.
Bavironmental Protection Ageucy.

Price and Sommerer (1982) reviewed asnd evasluated information om
compatibility and compatibility testing of liner/barrier materials with
hasardous wastes. The emphasis of the study was oo methods of long-term
and accelersted compatibility testing and models to predict 1liner
compatibility with various wastes. Very little informstioa f{s available
on long-term compatibility with various lining materials. Rsseatislly
no mathods sre available for predicting wmemwbrane liner compatibility
with hassrdous vastes.

Yor the past two ysars personnsl at the National Ceunter for Ground
Water Research (NCCWR) have been collecting and analysing informastion on
various aquifer restoration technologies and previous application of
ground water pollution clesnup measurss. One result of this study is the
development of & protocol or etructured aspproach for selecting aa
optimum aquifer restoration etrategy. With minor modifications, this
protocol cen be aspplied to DoD instsllatioms. The protocol represeats
an iovaluable aid for conducting the first thres phases of an
Installation Restoration Program. The remainder of this peper outlines
the major steps of the protocol.

REMEDIAL ACTION MASTER PLANS

The gensral approach to be taken in developing aquifer restoration
schemes is, for the most part, intuitively obvious. A logical first
step is s preliwinary assessment of the nature of the problem. Based on
the preliminary sssessment, poteniisl alternstive remedial measures are
identified. From the list of possible slternatives, ea optimm would be
selected through eaviroumental impact risk asssessment, aad cost-
sffectivenass saslyses. Implementatios and coastruction of the chosen
slternative would be mexnt, followed by momnitoriang of the effectivemese
of the msasure.

A review of the literature shows the sbove to be the psttern used
moet frequeatly. Most of the work in developiag structured approaches
to solving ground water contsmimation. problems hes been associsted with
the Compreheasive Ravirommental Rseponse, Compensation and Liability
Act, P.L. 96-310 (hoowsn as CEACLA or Superfumd). Specifically,
Superfund sites require the development of s "remedial asction wmaster
plaa”™ or RANP. The purpese of s RANP is to ideatify the type, soops,
sequence and sohedule of remedial prejects which mey bs appropriste
(Xaschak and Nadesu, 1962). 1 and 2 are sttempts ‘to represest
the RANP process ia the form of flow charte. Additienally, Teble 1
Lists the phases of s osite osntemination end lishility ewdic. Two
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Table 13

Bite Contamination and Liability Audit Phased Structure

Screening

\ ‘ Phases

v Emergency
Action

. Phase
Detailed Site
Investigation
and Remedial

x | Phases

Phase

Phase
Phese

Phase

Phase

Phase

Thase
Phase
Phase

10

. Rousman, Brandwein end

Initisl Property Inventory

Clessification snd ldentification
Problem Properties

Preliminary Field Screening
Prioritization of Problem Properties

Imsediate Emargency Stop Action Response

Detailed Site Pield Inveatigation
Definition of Remedial Strategies, Risk
and Pinancial Liability Assesement and
Remedial Cost Rffectivenass

Selection of Preferred Remedial Btrategy
Iaplenentation of Remedial Action
Certiticstion of Performance and

Addressing Future Potential
Liability lssues

Unites (1981)
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features asre common to all three of these outlines. Pirst, they all
follow the general intuitive outline presented above. Second, they all
have provisions for immediste remedial action to buy tims while long
tera solutions sre developed. Kaschak and Kedesu (1982) emphasise the
importance of & RAMP as the first step in any remedial program.

The RAMP is designed as an approach for developing an optimsl
solution. Incorporated within the RAMP is the analysis of alternative
remedial measures in order to decide on am optimum strategy. The
anslysis involves three different aspectes 1) envirommental impect; 2)
cost; and 3) riek. Risk assesement is an ares of study that is now
receiving incressed attention. Berger (1982) otates that risk
assessment has been defined as, "the identification of hazards, the
allocation of cause, the estimation of probability that hara will
result, sad the balancing of harm with benefit.” Berger (1982) goes on
to davelop s genersl risk sssessment methodology based on four factorsj
receptors, pathways, wvaste characteristice, and waste managssent
practices. Deawson and Sanning (1982) have deaveloped a risk asssesement
model based on the exposure-response approach. [Kes and Shih (1982)
describe a technique for determining risk acceptability. The main
problem faced by all risk asssessment techniques is that a large portion
of the needed information, euch as risk pathways or acceptable
conceatrations, is unknown.

Bscause ground water cleanup activities are, in gensral, expensive,
interest in analysiag the costs of these activities is high. 8t. Clair,
McCloskey and Sherman (1982) discuse the sdvantages and disadvantages of
risk asssessment, cost/benefit analysis, cost-effectiveness analysis,
decision-tree analysis, trade-off matrices, and sensitivity analysis for
slternatives evalustion. Using certain elements of these techniques
they have developed s framework for evaluating cost-effectiveness of
remedial actioms. Evans, DBemson and Rizso (1982) describe an
integrated, three-phased approach for cost-effective preliminary
assessments st hasardous waste sites.

There are two points to be noted sbout the studies discussed above.
Piret, they have all been directed towsrd uncoutrolled hazardous waste
sites. Second, they have the inherent asssumption that a list of
alternative measures exists or can be generated. Little iaformation can
be found pertaining to grouad water pollution episodes awey from
hasardous waste sites or om the actual development of alteraative
remedisl msasures. Unterburg, Stoms and Tafuri (1961) discuse a systes
for developing aslternative remedial measures for spills of hassrdous
chemicals, Caldwell, Barrett sad Chang (1981) discuss & haserd raaking
system, but thies is epplied to different sites vather tham differeat
massures ot an individual site. Dewson end Brown (1981) have developed
en integrated site restorstion process, as outlined ia Pigure 3, dut
this aleo glosses over the actusl developmeat of alternatives.

The remsinder of this report will discuss the step-by-step
procedure that can be follewed to develop aquifer restoration schames.
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This procedure is developed in a gsnersl fashion so as to be applicadble
to sites other than uncontrolled hasardous waste dumps. Additionally,
emphasis is placed on the procedure for developing the list of actusl,
technical slternstives.

Multi-Disciplinary Teem

Ground water pollution is not strictly a hydrogeological problem.
The davelopment of a ground water pollution clean up approach requires
iavolvement from a nunumber of different disciplines. Managerial
personnel will de involved in the overall planning and development of
the project. Techmical personnel, both on-site and off-site, will aid
in the design of the remedial measure. Remedial-related personnel from
the constructioos industry will have involvement. Also, institutionsl
personnel from different levels of govermment will almost invariably be
involved. Within each group, s number of different disciplines might be
required. Por example, the technical personnel required could include
hydrogeologists, enginsers, eoil scientiste, chemists, and even
toxicologists, to name & few. The bottom line is that the solution will
require a multi-disciplinary spprbach iavolving a multi-disciplinary
) team. Carefully assemdling & multi-disciplinary team should be cthe
1 firet step in any aquifer restoratiea effort.

Problem Definition and Characterization

The obvious next step in actuslly dealing with & ground water
pollution problem is to define and characterize the problem. The
problem will need to be defined in terms of ite temporal and aresl
release patterns and ites urgency for a seolution. The two tesporasl
categories are “snoticipated problems” aend “existing problems".
Anticipsted problems most usually will be planned future facilities that
will hsve the potentisl to threaten ground water supplies. This
situscion is more desirable in thet the eagineer or planner is ome step
up bacause the pollution or polluting sctivity has yet to occur. The
other type of problem is the existing problem. This is the situation
wvhere a facility or activity with ground water threastening potential is
already in effect. The existing problems cam further be brokem down
into those that have already degraded the ground water sud those that
have not yet disrupted the ground water but are expected to do so.
Actuslly, the steps to be taken in identifying poteantial solutioms to
either of the two types of problems are similar, but because of their
“temporal™ differeunces the proposed solutioms cen differ significantly.
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I. saticipated Problems

Naving ideatified en amnticipsted prodlem, the next step is to
identify the areal relesss chsracteristics, the duration, sad the
urgency of the prodlem, {f poseidle. The release characteristics of the
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problem will be directly related to the source. The source, could bs a
point source (disposal well), an area source (fertilizers in
agriculture), a line source (highway deicing salts), or evan a regional
source (increasing number of septic tanks in & region).

The durdtion of the problem can be classified as either acute or
chronic. Will the anticipated problem be short term such as lowering of
water levels due to construction dewatering or will it be a long term
problem that will require long term solutions such as a series of
injection wells to prevent salt water intrusion?

The urgency of the problem will be a function of the potential
contaminant(s) and the importance of the threatened aquifer.
Anticipated probless usually will have no urgent need for s solution.
The ground water pollution poteatial cen be circumvented by
incorporsting certain comtrols in the design stage.

2. Existing Problems

With existing pollution problems the iaformation needed to
characterize it is straightforward. Having identified the prodlem, the
gext step is to identify the source if possible. The contaminant
release characteristics and duration of the prodlem will fall into ome
of the classes outlined sbove. However, the urgency for a solution can
sometimes be the critical factor with an existing problem. 1f the
polluted aquifer is & source of drinking water or the prodblem was
discovered due to an sdverse public health reaction, there may be a need
for en immediate (if only temporary) solution.

A general description of the problem is necessary for defining the
scope and extent of further studies and ultimste remedial actions. For
example, if & haszsrdous substance is detected in a water supply well,
the immediste solution may be to provide an alternative supply of water.
This temporsry meassure may buy sowe time for study and development of a
more permanent solutiom.

Preliminary Study

After identifying an existing or potential ground water threatening
activity or facility, the next step is information gathering and problem
charecterisation, The deteil and durstion of this etep will be
determined by the urgency of the problem end funds available.

The areas of iaformation 1listed below are designed to be
comprehensive, but they are described in general terms with few
specifics. Mot sll asreas will pertain to every prodles. Probably the
wost useful function of these lists will be to aid in generatiag a list
of needed iaformation for specific problems.
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It should bde emphasized that the 1lists below ars not in any
particular order although some of the steps are dependent on the others.
Probably the area that needs to be considered prior to initistion of any
detailed study would be that of funding. Once funding has bdeen
determined, the scope of the analysis can then be delineated. The other
areas of inforsation should probably be approached in groups such as
problem specific informstion (A, B), site specific informatiom (c, »,
7), and others (K, G).

Should it be decided to go into more then just & cursory review of
the problem, sources of information may become & question. Some of the
agencies identified ian step G most prodably will have some inforsation.
Listed in Table 2 are some other possidble sources of informetion ss
related to the different groups. For information specific to the
technologies discussed in this paper the reader is referved to the

bibliography

A. Plume Delineation

Plume delineatioa is the etep im which the amount, nature, source,
snd location of the ground water pollution is characterised. The
information obtained ia this step will aot only belp determine fessidble
clesnup strstegies but may also help assess the possidilities of
pretrestment or economic recovery. Types of Informstion needed for
pluse delinesation include: physical/chemicel characterization of the
pollutant; information on transport end fate; tomicity and health risks;
areal extent, depth, aemount of pollutant; physical/chemical
characterisation of the waste} variability of the wastes; time factors;
and previous waste disposal practices.

B. Hydrogeclogic Characteristice

Understanding the hydrogeologic characteristics of a eite is
sosentisl for a successful aquifer restoration progrems. In essence,
this otep {s really s characterization of the subsurface which is where
the probles existe. The subsurface characteriszation will serve two main
purposes. Tirst, a description of the hydrogeologic characteristics of
the site allows for a better understanding of the wmagmitude of the
probdlem. DBecause the probles is waderground ome cemmot see, feel, smell
or taste the exteat of the prodlem. A thorough hydrogeologic
fiovestigation will wot totally deliveste the limite of the prodlem, but
it will aid is estimating vhat has happemed to the pollutant ia the
subsurface. Second, a thorough hydrogsologic iavestigation will aid in
deterwining feasible solutions to the prodlem. Informatice from this
step will be used sxtemsively in the plume delinmsation step. BSome aress
of veeded information imcludet geologic setting end geseralised eoil
protiles, soil physicsl/chemical cherscteristics, depth to ground water
and bedrock, grousd water flow petterns and volumes, recharge aress and
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Tadle 21 Potentisl Sources of Information

Group 1
(problem epecitic)

Tedersl or state geological surveys, universities-
libraries, geology asnd engineering departments,
state health departments, property owmer, county
records, well drillers.

Group 11
(site spacific)

Weather bDureaus, state water resources boards,
census buresus, s0il end water conservation
districts, employsent commissions, corporation
commissions, 208 studies, Department of
Agriculture, Forest Service.

Crovwp 111
(other)

Medical libraries, state or federal environmental
protection agencies, state attorney generals
oftice.
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rates, asquifer characteristice, existing wmonitoring well locstions end
procedures, and background water quality dats.

C. Site Characteriszation

A description or characterisation of the site of the problem is an
important step. DBecause surface attridbutes of the site will indirectly
affect the subsurface environment these attributes oneed to be
identified. The characteristics include climatic informstion
(precipitation, tempersture, aund evapotranspirstion) and, locstion
information (topography, accessibility of the site, site sise, proximity
to surface water, and proximity to population ceaters).

D. WVater Use and Requirements

Determinstion of curreat water use and future requirements will aid
in determining the criticality of the threatened ground water formatioa.
Iaformation needed includes current and projected future water use,
current and anticipated water quality standards (including bdeneficial
use and effluent standards), and costs of alternative water supplies.

E. HBuman Health Costs snd Risk Assessment

An assesement of risks to husan heslth associated with the polluted
ground water is & unecessary step. Having identified the toxicity end
health hasards of the given pollutant during the plume delineation step
one then needs to assess the actual potentisl for one of thess events to
occur. This step is esssential in evaluating the do-nothing alternative.
laformation from this otep will be used extensively later in the
alternative svaluation procedure.

?. Land Use Patterns and Growth Projections

The objective of this step is to insure that potentisl restoration
strategies do not bdecowe exercises in futility. Specifically, one does
not want to spend millions of dollars clesning up & perticulsr prodlea
that is just one of dosens facing an aquifer or will be negated by
future ground water threatening asctivities. One needs to check if the
proposed solution is in accovrdaace with local land use pacterns and
growth projsctioas.

G. Regulations and Institutional Comstreints
A key step in sny squifer restorstion strategy is to ideatify aay

institutional comstraiunts and who emforcas thea. To date, & mejority of
states do not have regulatory ageancies for groumd water quality coatrol




and determining who ie in charge msy bde somewhat of & prodles.
ldentification of sll constraints and eanforcement agencies is necessary
80 that a proposed solution satisfactory to oces group does not violate
the standarde of another group. This iacludes an understending of the
role of pertineat regulatory agencies} their standards, regulations and
guidelines, and pending legislaetion.

H. Puanding

Probably the biggesc obstacle to bes overcome in any aquifer
restoration program will be funding. In simple terms, cleaning up
ground water is & very expensive venture. Wot only are the techaologies
expensive to implemeant and operste, but they are slso difficult to
design. If questions arise over who will foot the bill (se they often
do), the cases wind up in litigation, thus adding to the expense and
delaying their implementation. As one might gusss, these delays only
compound the problem and escalate the costs. A preliminary review of
the availability of funds should most probably becoms the first step
after identification of the problem. Based on the aveilability of
funde, the scope of the analysis can then be decided. If funds are not
available, the full blown eanginesring analysis and design will probably
have to be foregone for a small scale aquifer managsmeat or policy
snslysis. Some of the funding issues include determinstion of
responsidbility, identifying matching funds, and eecuring private

support.

Data Bvalustion

The critical aspect of the information gathering step will be
evaluating the quality of the information gathered. Kaschak and Nadeau
(1982) liet three issuss to bs concerned with once asvailable information
has been gathered as: how good is the dats today; can sn engineering
solution bde properly developed and designed; and will the dats be
defensible in court? Consideration of the age of the information,
sswpling and analysis protocols, and the chein of custody of the
information can aid in assessing whether or not it is accurste and/or
useful.

Baving completed the gathering and evaluation of availadle
information, the mext etop is to identify thoees areas where the search
for information wss unsuccessful. Raschak and Nadesu (1982) ideatify
this as the most difficult step, i.e., to decide what additionmal
information is necessary to be sble to identify and evaluste remedisl
slternatives without "studyiag the site to death". Informatiea voids
should be identified aend categorised accordiang to coriticality eor
importemce of the data, ease of availability, time required to gather
the dats, and costs of the effort.

.
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After all the information gaps have been categorised under the
above headings one needs to weigh the work, time, snd cost requirements
against the scope and funding of the study outlined previously. 1If the
informstion gethering process alone will exceed the fundiang, the study
may have to be abandoned, scaled-back, or re-directed.

DEVELOPMENT OF ALTERNATIVES

Definition of Goals

The term "restoration” seems to imply that any ground water
remedistion activity will attempt to return the aquifer to its original
condition. Although desirsble, this is not always feasible. Truly, the
msin decision to be made in any aquifer restoration program is what the
"goal” of the program should bde. The specific strategies to obtain
these goals is dictated for the most part, by physical or wmonetary
constraints.

This paper considers four different goals: prevention, abstement,
clesnup, and restoration. Prevention, as the name implies, mesns that
pollution is not allowed to occur. The coantext of "prevention™ imn this
paper is tsken to mean "not allowing pollutents to reach ground water®.
Abatement mesns "to put an end to". Hence, abatement of ground water
pollution is the "cessation of pollutants moving into the ground water
and the elimination of the msovement of pollutants having slreedy resched
the ground water". Cleanup is taken to mesn "elimination of the
pollutant through removal snd treatment or immobilization'. Restoration
will include those measures that attempt to return the aquifer to ite
originsl state. This most often will involve & cleanup strategy plus
some recharge of fresh water. It should be noted that these goals are
aot totally indepeadent of each other. More specifically, a truly
effective "clesnup"” strategy will include "prevemtion" and “abastement”
steps also. Table 3 is & listing of the various strategies availadble
for obtaining the above goals.

The definition of the goals of a ground water management strategy
is oot a totally subjective evalustion. 1In some instances, the feasible
gosls will be dictated by problem-specific conditions. It is therafore
tecommended that s review of the preliminary steps be undertaken prior
to establishment of any gosls.

Goals ldentification Mstrix

Vigure 4 is & gosls identificetion matrix. Lieted down the lefe-
hand side are the possible goals and along the top are soms goal
decision factors. Probably the dest way to use the matrixz is to become
femilier with each box in the metrix. 1If one cen become familisr with
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Table 3: Curreatly Practiced or Proposed Aquifer Restoratiom Strategies for

Chrounfic Pollution Problems

Gosal Strategy Type

Action

Prevention Institutionsl Measures 1.

Source Control 1.
2.
3.

Aquifer or effluent standards,
effluent charges or credits,
land soning.

Source reduction or removal
Optimum site selection
Man-made control options

a. Impersesasble memdranes

b. Impermsable materials

¢. Surface capping

d. Collector drains

¢. Interceptor trenches

Abstement Waste Managewment 1.
2.
3.
4,

Modification of pumping
Pressure ridges
Pressure troughs

Subsurface barriers

Clesnwp Waste Treatment 1.
and Diepossl

Above-ground treatment

In~situ methods

Restoration Clesawp Plus
Recharge

B A

bt L

i g

e

{
v




R g .,!xi&,fiw.wmgﬂ» FR Rl L s AL g AT o
- L
*B3IN088 28108
‘1oany jvuoT¥es @ wo punoas srqroen *L3000008 ouetqesd pored
orqeazldde aiv ssans A119136030¢ 20 ITWOUEID 20, SIUNP ~J35IN0 20 9933
-80u [SUOTINITISUT posn Aj3ueaand due 813331 YI3A tags «5I530] SaRIN}
amog  °d7)1Ieds 330302d 03 pajtddv -wodnd Liv3Iviepem &3 o3 o1quegidde
9336 Saw SSINSVIE o4 PINOYS 98aRs ae] we3) sluss 038 Lo 939 sesne
“SMOJII3II6A1 O)f “SUOTIITIIGES Off WOTIusANad (EITeLNg SUOJIO333882 Oy ~008 WOLIBANTg 030330 WITINMANIG ~00u BOINEASLS L -
suriqead
‘ouop aq 03 8} ‘swdyquad *3801 ¥ po3edague 30
119 38 Bujyiduwe 33 “a9)3nbe uw Touodel ‘afae] ‘S83300802 Jdosp uotaiod peantrod OOTIF(EIN] aanIm;
8308342 PAMMEINGD 0} 30 wotIepesdep 03 swatqoad pesy 30} BanseIm Juam a3 Supsauod a0} paonlisjeos
poIdfans ssaae uy 243N WA ~(¥I0] ‘[lews Lida -830qw 31qu2} 1dde STINA 29)3nbe *Kasnc203 o o8 pepngIvg
10230203 WInT0é «8id 03 pIAOldus wol] sYusl sloyn 00w Y3 Jujaq ue 30 suotl JW0N0I 203 q o5(® WD puw
4230n puncas 10} »q U saane Y3 2840d pus voTIEesd YIIA «30d poaniioden  BIVNI S12IIT WITA  SwsTeesd Sutisine
SIAJIUNISIIP Ba})d -80B INBEIINQS 23j3%0ds 338 e S33IN38 ADIIBYS 03 Y3 3a®e €3 po sajouadxs Liea o3 §I3a Sugreep
«203330 IS8 I WIP  SUSTI YIIGNY 2IF  PeLoTémd 8Q 01 SEAR STQEII[AdS IBOW 230 ~Loldws LITGNON 22 BIV2GPI Mo SBwea WOYA POIBPTINSS
S3IRS588 ISINIIVQY ~1SPOB 83 AOY I0] -~SUIS JUIEIINQY BYL SHINE0EE JUBESINQY  SRINENSE JUSUNINQY SOTUINIEIIS JUBNSINQY OQ WO JVPUSISYY ]
. *Judddesyp
S1838 JO SITWOUOID
°8dy3 ‘[Fuoises IV (0¥ BFNIASD
84 yons “aldae] *sssodand wel; Aasasirea
A13%B33%0 0390384 ‘v 1esi30pusg woveds 105
wa[qoad a3 )% ~10031 pUS [PACWEI 30 (ean3Indjave A331q30804 ag)
*2ABR0N “Swd1Q0ad  £q $924n0S PIU] U % yons wojiduns o8lv 8} 82042 pwe
20829 30] SIWO8 jJo  ‘iadasp 03 KIF1IqQWD ~NOD UPENY VBN o080 930Ny
SOJWOUDIS BABY Op PUR  =114dP JmOS Bawy Op A84230 amn I¥}D 8 01 PIuINIS ‘oustqead
ome1qoad pasy1ed0Y ING ‘S82an08 103WA =1 j3u0q ¥ SSaade oq wed a8jinbe SugIsyns
‘Itous 30} SATIIWAAIN puncal acTieys o) 283w puncal a3 3 SSUTINMNG Sujanpieued
A{1033W0N08 30U 838 oTQIave; 80w 19 UA PBINPTINGD ‘sajouadns azv styn teel
‘Baqe 80y “8A0QE POg svansesm dauesly 80100008 dRuedl) 84 PINONS dauwel)  SO3BSINAIS dnuNeY) v 03 Gweey) daveely
“PRIPISN0I 84
PIROYS 222008 AN
*90818 10s0dslp 310 Jsamdoyeasy
{egiashpu; pus puUSQe  ° 88, blaaad il ]
¥ 4InS SasSells ‘afqjeee; 03 slqeuswe 8§ ToeR (9330004
Aagrend 302ea  A92JuqI03 308 (11 A1qeqead ae0e o &3 29)300e
Pun0IS 03 pardefqne 31 ‘elqlewe;  sinjes (oSl o ‘s0ae veayd og) Bujuanies
a4 03 snwyiucs A1Te239yd0) WIIqOlg 5180 9 10) Aj4dns 2038n 3® 8333000 poppe
1T 20 328 3043 33 Kijaviad poSUAIN] 03 NP §O S3IR06 UIBW OyI ByI SANY SOTP I1In
88838 U} aljaviad d03 usall oq SO888273p SIS *a03en L331emb  Bq (I3A 20 93 INY) o3 I0303802 ‘20a0
GITY waatd PIRONS ENUSSTD wWOFI0203602 83 )o yB3N AITwuIVNIAC O 2830A punoal Ila -noy *So8sIBAIE "owstqead Pujrazee
o4 104 pLROYS 1O UOTIGIPISEI SEBUBATIINIILE B2 G218 TNDE PRULJUCIUR WTTUP USYA (908 wAuslousu sajs BujaspIeUsd BORR
. S8R50 $RUCHTI  “ySIy a0 syell 0008033V wa1QoAd "AOTINYS 20) P(Qieee; Lioutsd oyl aq ~vedxe 3008 IYI B39 ool spqreesd
PUO VOJINI0ISAY NWITENY WBNAY JI  OYd JO SIS By) GV  I00W ] UOJINI0INNY PIROYS BOJINI0IGHY OGNS WOTININSINEY ¥ O] WITINAGINGY W IRANRNNG
suiviieqd 27 1] veIng 0333832933030¢) sJusmeanbey 3080 eIjIemiIzg ]
seq peo iesy vewny 1oasy 1eatloteslospin seg 203p Sugpung Teasdmey sunnelonn

XTIJOW UOTIWOTITIUSIPI STROD :p danbyy




the limiting factors for each of the possible goals, selection of »
feasible and obtaineble goal will become an easier process.

Not sll possible factors have been listed in Figure 4. The major
factors most likely to influence the choice of any goals are listed.
Bach problem will have its own extranecus factors which will iafluence
the selection of the specific goal. Pigure 4 is to De used as s general
guide.

Technology-Decision Vactor Matrix

Having developed at least a preliminary goal for s particular
problem, one can then move to the technology-decision factor matrix ia
Pigure 5. 1If ons enters the column labeled "Management Strategy” and
reads down, the technology (technologies) that can schieve that goal can
be identified. Afcer identifying the feasible technology (techmologies)
one then reads across the rows for that technology to idenatify any
factors that might lisit the spplicability of that technology. The end
result of these two steps should be the identification of s series of
technologies or techmology combinations that ere applicadle to a
perticular problem. Purther elimination of these technologies will come
in the scope design.

Preliminary Screening

Baving developed a prelimimary list of feasible technologies ome
cah then move into a prelimivary screening process to narrow down the
number of choices. The preliminary screening process will necessarily
rely heavily on professional judgment, and include factors such as
techaical fessidbility, pudlic scceptance, and physical comstraints.

Scope Design

Probably the dest means of elimimsting poesible but noa-feasibdle
alternstives would be through ths use of a scope desiga. The scope
design is a small scale amslysis of the preposed alternetives for
prelisinery estimstes of sinme, coste, life expectamcy, eofficiemcy, eotc.
The scope desiga will rely on estimates or ball perk figures for coets,
etc., to gemsrate & rough estimsties for esch of the proposed
slternstives. The scope design shesld de less enpensive, less time
conswning, and inherently less ascecrate than & full dlown eagineering
shalysis. Therefers, slterastives that test oot to be similer ia costs
should net bs oliminsted frem further considerstion. Mo objestive of
the ocope design oshould be to eliminate the obvicwsly tee cupensive ocr
toe land intensive slterunstives.
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figure 5 (continued)
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Iteration

With preliminary sise and cost data generated from the scope
design, one would then waat to iterate through the procedure outlined
sbove. Perhaps the data genersted might indicste that sll the possidle

alternatives exceed tha funding available. 1In this case, one might want .
to redefine the goals of the ground water management strategy, and

’ attempt to davelop new possible technologies for achieving these

. modified goals. Similarly, one might have identified extraneous factors .

from the screening or scope design steps that =sight influsnce which

. technologies are feasible. The objective of the iteration step is to

‘ L asrrow down the list of proposed alternstives to those that are truly
' sconomically snd technically feasibls. ;

“ ¥
| EVALUATION AND SELECTION OF ALTERMATIVES i
¥, Selection of a single alternative from the 1list of proposed

alternatives should come from balanced consideration of techamical,
economic and envirommental factors. The following sections will
identify potentislly wuseful tools for evaluating the economic, »
environmental and risk implications of squifer restoration schemas. Key | :
issues or unique aspects of these evsluations will aleo be discussed.

ECOMOMIC EVALUATION

Zconomic evaluation of the proposed alternatives can follow the
traditional procedure of itemizing all the costs for e given project,
- ammortising these costs for the life of the project, developing soms _
! . msasure of the benefits of the project, and cowparing these figures for -
' ssch of the alternatives. A number of unique issuss arise when ‘
considering an economic evaluation of ground water contasminastion

1 problems.

—
i . e o

e TR S SN,

The tirst major issua to be concerned with is comperison of
alterustives on &« common besis. 7Two alternstives msy be projected to v ¥
achieve the ssme result through radically different methods. £

R .
S 'V"“'&q‘.‘vw o e,

The second msjor issua to be concernad with is the cost iteams
associsted with altermatives. It is important that all coet items be .
identified. As sn exemple of how large these lists can be, Lundy and
m:- (1982) provide s list of cost components for a well systes ia
Table 4.

Bixler, Neanson and Lengner (1982) note that cost items cam be
sounstary sad wnocn-monetary, direct or iadirect. In addition to the
obvious dirsct monetary costs such as materiale, equipment, etc., mom-
monetary coets must be included such as relocatiom coets, loss of
revenues, decressed property valuas amd others. It ie importeat that

ot g,
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Table 4: Cost Components of Well Systems
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Tundy and Mahsn (1982)
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the list of cost items be complete and include’ all pertinent coste
(Thorsen, 1981).

Another issue associated with economic evaluation of alternatives
is that of developing a measure of the benefits of an alternative. Some
benefits will be very difficult to assign dollar valuss to, for example,
reduced health risks. Additionally, soms bDensefits may be hard to
assess, much less assign a price tag to as is the case with health
risks.

The final and most important issue associated with ecouomic
analysis is the approach co be utilised. 8t. Clair, McCloskey and
Shersan (1982) analyse the advantages and disadvantages of various
approaches including; risk assessment, cost/benefit analysis, cost-
effectiveness anslysis, trade-off matrices, and sensitivity analysis.
Utilisiag the positive attributes of thess approsches, 8t. Clair,
McCloskey and Shersan (1982) have developed a fremework for evalusting
cost-effectivensss of remedisl actions at uncoantrolled hasardous waste
sites.

In summary, it can be said that there exists no ideal methodology
for economic evaluation of aquifer restorstion strategies. Ths best
approach is to develop s modified wversion of an existing methodology
that is applicable to the prodblem of conceran. The methodology utilised
should bhave the following besic sttributes: (1) it compares
alternatives on a comson besis; (2) it posscesses some wmeasure of
assessing benefits; (3) it is comprehensive and considers all relevant
factors; end (4) its results are sot subject to bias end are replicadle.

AV IROMMENTAL EVALUATION

Rach of the proposed alternatives must also be asnalysed for its
potential impact on the eaviromment. There are & varisty of approaches
that cen be used to sssess these impacts including empirical assessment
methodologies, fantersction matrices, network anslysis, checklists, and
others (Csuter, 1977). The purpose of this section is to poiant out the
need for envirommental impect sssessment in aquifer restoration projects
and to identify some unique issuss associated with it.

The firet unique issus to be ideatified in association with groumd
water cleamup sctivities ie that some alternatives say represent "an
irretrievable committmant of natural resources", i.e. soms alternatives
asy require that the equifer remain permanently altered. Thie is
espacially true of the below ground technologies such as impenwadle
barriers (slurry walls, grouts), or the in-situ clesaup technologies.
1In essence, the emvirommental evaluation should give special emphasis to
the fate of the subsurface eavirocamsnt.

Secondly, bacause the unique aspects of grousd water remediatioa
sctivities usually lie undergrownd, the above ground comsequences of the
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remedial sction should be relatively easy to assess. More specifically,
ground water remedial actions for the most part, do mot represent large,
land intensive undertakings. Depending on the technology emsployed,
there will exist a potentisl to affect any of the environments (water,
air, noise). However, the magnitude of thase impacts will not be as
great as for previously studied actions such as dams, power plants,
highways, etc. There should exist ample information on related
activities so that the assessment of the sbove ground impacts of ground
vater remedial actions becomes simple, straightforward end less time-
consuming than the assessfent of subsurface effects.

The last issus associated with environmental evaluations is the
importance of public participation. Becauss of the recent attention
afforded ground water pollution episodes by the wedia, the public has
become ill-informed end frightemed. It is desirable to avoid pudblic
hysteria in aeny project end this iaq especially true for aquifer
restoration projects. Becauss ground water is & "hidden resource",
improving the public understanding will be especislly difficult.
Careful planning and incpdased sttention should be applied to the role
of public participation in eny ground water pollution enviroumental
studies. IFreudenthal and Calender (1981) note that public participation
programs can promots conflict resolution by providing opportunities for
individuals and opposing 'groups to explors compromise solutions. Figure
6 ehows six levele of public involvement end it shows thet public
involvement grows with the cowplexity of the prodlem. Oround water
coutemination problems ‘tend ¢to be complex and as such, pudblic
participatior. should be anticipated to de high.

RISK ASSESSMENT

It is necessary to start this section of the report with an excerpt
from Cornaby, et al. (1982):

"The psremount concern is that no known general wmethodology is
available for condusting overall envirommental risk sssessment,
risk assessment that includes both humens and eepecially non-human
or ecological receptors. In fact, the terminology in the
litersture is not always clear, suggesting that our views and
knowledge of eavirommentsl risk assessment are still evolving.”

This statement should serve as adequate notice that assessing the rieks
of aquifer restorstios altersatives will not be easy.

Berger (1982) states that risk assessment has been defined as, “the
identification of hasards, the sgllocation of cause, the estimation of
probabiliity that bharm will result, end the balancing of hara with
benefit”. loreover, Berger (1982) states that selecting an effective
renedisl techaique involves the balancing of the need ¢to ocontain
contaminants withis scceptable levels against the coste associsted with
the cleanup messures. St. Clair, McCloskey and Sharmen (1962) state




Rating Factor

Recepion

Population within 1000 feet
Distance to the nearest
drinking-water well

Distance to nearest off-site
Suilding

Land use/zoning

Pathways | .
Evideuce of contamination
Level of contamination
Type of contamination

Distance t0 neasest surface
water

Depth to groundwater

Net precipitation

Sofl permesbility

Bedrock permeability

Depth to bedrock

Table 5: Sources of Information for Each of the Rating Pactors

Sources of Information

¢ Local housing officials or census officers
o Current topographic maps or aerial photos

¢ lnformation obtained from knowledgesble sources such as Public
Health Departments, water supply companies, well drillers, residents

o Local housing officials or census officers
¢ Current topographic maps or acrial photos

® Land use or z0ning maps o
¢ Acrial photos .

¢ National Wildlife Federation and other national environmental groups
* State and local eavironmenial groups

o U.S. Fish and Wildlife Service

¢ State departments of Fish and Came

¢ Information obtained from knowledgeable parties
¢ Information obtained from knowledgeable parties
¢ laformation obuinod from knowledgeable parties

o USGS topographic maps or reports
o mpsandnpomﬁomSmeorlocalHuhwayDeunmuu
from universities or state geological surveys

. USOSnmmpﬂynpen;nwadmmmm
reports :

© Local well driflers, water suppliers, and universities (goology
departments)

¢ NOAA annual weather summaries
¢ Oeneral precipitation and evapotranspiration maps o

o USDA Soil Conservation Service county maps and reports :
® USGS s0il maps and reporss

¢ USQS water supply papers, ground water bulletins and geologic
repotts

o Local well drillers, water suppliers, and universities m
depariments)

* USDA Soll Conservation Service county maps and reports
» USGS s0il and geologic maps and reports
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Table 5 (continued)
Waste Characteristics

Toxicity

Radioactivity

Persistence

Ignitability

Reactivity

—-—

Corrosiveness

Soludility

Volatility

Physical state

Waste Masagement Practicss
Site security

ol el e et

Hazardous waste quantity
Total waste quantity
Waste incompatidility
Use of liners

Use of leachate collection
systems

Use of gas collection
systems

Use snd condition of
containers

Kufs et al. (1980)

o Mazardous Properiies of Indusirial Materials by N. 1. Sax
* National Fire Protection Association's Guide on MHazard Materials
o Registry aof Toxic Effects of Chemical Substances

* Information obtained from knowledgeable parties

» Panition Coefficients (see **Partition Coefficients and Bicaccumu.
lation of Selected Organic Chemicals,”* Environmentel Science and
Technology, Vol i1, No. S, May 1977, p. 478.)

* NFPA Guide
o Lang'’s Handbook of Chemistry

* NFPA Guide
o Proposed RCRA Regulations, Federal Register, December 18, 1978.

o Information obtained from knowledgeable parties

o CRC Hondbook of Chemistry and Physics

o Leng’s Hondbook of Chemistry

o Merck Index )

o Mandbook of Environmental Dete on Organic Chemicels
¢ CRC Handbook of Chemistry and Physics

o Lang’s Handbook of Chemistry

© Heandbook of Ervironmental Date on Organic Chemicals

¢ Information obtsined from knowledgeable parties

¢ Information obtained from knowiedgeable parties

¢ Information obtained from knowledgeable parties

". & Information obtsined from knowledgeable parties

o Federal Register Vol. 45, No. 98, May 19, 1980, p. 33258

¢ Information obtained from knowledgeable parties

‘o Information obtained from knowledgeable parties

e Information obiained from knowledgeable parties

¢ Information oblained from knowledgeable parties

* Y
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that “a risk assessment involves the definition of the risks to the
enviromment and human heslth of continued pollution from & site™ aeand
“the most inexpensive remedial ection that reduces the risk to ea
scceptable level could de considered the most cost-effective”. Dewson
and Sanning (1982) note that the objective of a remedial action is to
veduce associated risks to an acceptable level”.

The above statements are all straightforward yet they still yield
some debstesble issues. The most important question however, is how caa
the risks of aquifer restoration alternatives be asssssed? Thers are
two generally asccepted approaches to risk assessment. The firet
approach is to take given criteria or standards for a conteminant end
work backwards, utilising intrinsic properties of the coataminant and
aquifer, to develop & 1list of possible aslternatives. The second
approach is to analyse the effectiveness of various aslternatives and
compare their resultsant concentrations with s given standard. WNo matter
which approach is wused, somewhere & “criteria” or "standard" or
"acceptable level" is involved. Thess figures, for the most part, are
non-existent. Dawson and Sanning (1982) outline a method for setting
site restoration criteris by using air or water stendards snd working
backwards with dsts on dilution potential and distribution
characteristice. This methodology is dependent on criteris existing and
knowledge of transport mechamics, which may not be available.

There have been a number of risk assessmant techniques promoted for
assessing the risk of hasardous waste sites. With slight wodifications,
some of these will be applicable to asssssing different slternatives at
individual sites. Unterberg, Stone and Tufuri (1981) outline such a
procedure for assessing spill sites. Caldwell, Barrett and Chang (1981)
have developed s ranking system for the relesse of hazardous substsmces.
Felson and Young (1981) discuss a location and prioritisation scheme for
future investigation of abandoned dump sites. Unites, Possidento and
Bousman (1980) describe the development of a site investigstion manual.
Kufs, ot al. (1980) have developed a mathodology for selecting sites for
investigation based on their adverse environmental impacts. Berger
(1982) describes a genersl methodology for assessing risks dased on a
similar spprosch ss Rufs, et al. (1980). This sethodology considers
four characteristice: ceceptors, pathways, waste characteristics, and
vaste wmansgement prectices. Table 5 is & 1list of icformatios

requirements for this methodology.

Schweitser (1981) has developed a more specific methodology that is
based on sssessing sites by a chemical-by-chemical approach. The flow
chart for this approach is in Pigure 7. Pigure 8 shows an approach to
orgaaisstionsl aspects of enmvironmental risk assessment developed by

Cornaby, et al. (1962).

Bss oend Shih (1981) have divided risk assessment techniques into
three categories: (1) formal amalysis, (2) comparative anslysis, and
(3) professionsl judgment. A comparison of the techniques is ia Table 6
ond their strengths and weakanesses are in Table 7.
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4 wisbet (1982) discusses some uses asnd limitations of risk
- sssessments.  MWisbet (1982) sad Berger (1982) both poist eut that
; wvithout detailed anslyticsl momitoring programs, risk ssesssmssts cea ;

usually omly produce s quslitative reskiag of asltermatives. Nisbet i
(1962) also points out that risk assessmsants are difficult to conduct
sad give uncertain results, because: (1) exposure is ussally varisble .
snd poorly characterised; (2) coxicity information is herd to B |
extrspolate to humans from sanimale; snd (3) ground water transport
™ wechanics are often uakmown mekisg the population at risk difficult to , 3

3 1] estimate.

Bss end Suih (1981) have identified the desired capabilities of may
sssessmsnt methodology to be:

.
i’
- camee et

1. Means to provide estimates of risk probability.
2. Procsdures to facilitste eystematic thimking.

3. Processes which allow for the imcorporation of inputs from
multiple individuals and diseciplines.

4. BRasy to review.

B . L

In summary, visk sseesswmeat could be the moet difficult aspect of
evaluating ground water pollution clesnup sltermatives. The problems to
be encouatered stem from the fsct that wost of the needed iaformatiocn
for any comprehenmsive methodology will wuet exist. he uea oOf
estimations in any methodology will limit its veplicability.

The best approach to risk asssssment will be to dewelop s

mathodology suited to the prodlem in question. MNodification of the ‘ E

! existing methiodologies discussed previocusly is ose approsch. The best 5

" eisk sssssswsat methodology will bde oms that best utilises ava.. “le

Oh‘(htomuu sud requires the lesst emount of estimeted iwput, B 4
Sesesry

"~ _,The final step is the protecel ianvolwes weighing the e¢conomic,
envirommentsl and risk ssscosments appropriately and deriviag ea optimmm

solution. A lergs mumber and vide variety of decisica-msking tools sre .
svailable for selecting en optimum strategy frem & list of slterastives

This protece) gives ae prefercace to amy select metiwdelogy a8 they &

i have osdvanteges end limitstioms. Por further discussion of these

; ssthodelogies, the veader is referved to Camter (1977).
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ABSTRACT

) "\"Hydrologic characterization of hazardous waste sites is an expensive and

) challenging task. Making efficient use of field data in modeling subsurface
flow and transport can help private firms and government agencies control
costs by achieving better results. Often, conventional approaches to
geohydrologic data processing (e.g., hand contoured maps) are too subjec-
tive to provide the most efficient and accurate use of the data.

The geostatistical interpolation technique, kriging, and an elementary

streamtube hydraulic conductivity inverse algorithm have been successfully

applied to characterize the flow system at a complex hazardous waste site.

Krigin? aided in identifying the need for additional field measurements,
VoL selecting optimal well locations, determining the effect of subjective
i inferences (by geohydrologists) on 2he groungwater flow system, estab-
g 1ishing data validity, and producing #best-fit™ contour piots from irregu-
larly spaced field measurements. Subsequent field work and the numerical
i modeling of flow and chemical transport confirmed the value of the geo~
v statistical effortsj.f

INTRODUCT [ON

Making efficient use of field data to characterize the hydrogeologic
systems at hazardous waste sites can help private firms and government
agencies control costs and achieve better results. Kriging and inverse
methods are more objective than subjective hand-interpolation of data by a
geohydrologist. These objective methods have been applied to a multiphase
remedial investigation for a government agency. The site hydrology,
consists of a heterogeneous, anisotropic, multilayered groundwater system,
Because of the complexity of the groundwater sy.tem, the objective
techniques proved to be very beneficial for interpretation of irregularly
distriduted geohydrologic data. However, the insight and judgeme . of the
geohydrologists were needed to interpret the relationship of geohydrologic
parameter trends to patterns in the geologic fabric, to provide explanation
of data anomasltes identified by kriging, and to extrapolate parameter
surfaces where little or no data existed. Similar findings have been
reported in other studies (Orr and Dutton, 1983; and Devary, 1983).
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The focus of this paper is on the evaluation of geologic and geohydrologic
data using geostatistical tools. Topics which are discussed include: i

‘ . a kriging methodology for developing geohydrologic surfaces and )
‘ evaluating the reliability and utility of field data; -

. a stream tube hydraulic conductivity inverse technique for
, developing permeability and transmissivity distributions;

fm e e

. the characterization of the groundwater system at a hazardous
waste site using kriging, inverse, and conventional methods; and

]
L ]

some concluding statements about the advantages and limitations
of kriging and other computational techniques.

The section pertaining to characterization of the groundwater system
includes a description of the importance of these techniques.

L Kriging

Kriging is a ?eostatistical technique that can be used to estimate a surface

from spatially-distributed data. It was developed in the early 1960's

primarily by the French mathematician George Matheron to solve mining
~ estimation problems. In the last several years geohydrologists and ground-
water modelers have utilized geostatistical techniques to analyze geo-
hydrologic field data (Delnomme, 1976; Gambolati and Volpi, 1979; and
. ‘ 1 Devary and Doctor, 1982).

[ .
Poirstisthrapue I

Kriging is a statistically-based interpolator of irregularly spaced data.
4 To krige an estimate of a varisble (e.g., potentiometric head), at a
: particular location (xy) where no field measurement is available, the
following steps are required. For simplicity, it is assumed that x is a two-
dimensional vector in a Cartesian plane.

1) Select the boreholes (with data) nearest the location to be
estimated; typically, between eight and sixteen neighboring
boreholes are used in the interpolation procedure. Let N,
H2..., Hp denote those measured values (Figure 1) which are
assumed to be the realization of a stochastic process, H).

2) Determine the weights (1.e., the kriging weights) to be used for
the averaging ess; the kriging weights depend on the drift
(overall trend) of the data and the covariance (varfogram or
generalized covarfance) that corresponds to data fluctustions
superimposed on the drift. Orift can be constant, limear, or
quadratic. Lettingi), a2,...,1n denote the kriging weights. The
kriging estimate ot xg s given by:

n
Holxo) =y £3 aymy
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FIGURE 1. Kriging Estimate at Point xg

3) The variance of the kriging error corresponding to the kriging
estimation error, is calculated by using the kriging weights and
covariance:

n
02 (H*(xg) - H(xg)) = K{0) - 2 § L 1 MK (%, Xo) +

) L Ap g K (x4, x3)
f=13s=1 ] .
where K(xy, xj) 1s the generalized covariance evaluated at
positions x{ and x4; note: Hy = H(x{).

The uriging'm?ms are selected to minimize the kriging estimation error
variance o< (H*(xq) - H(xp)).

A full discussion of kriging theory may be found in Matheron, 1973; and
Journel and Huijbregts, 1978.

The unbtased, minimum variance properties of kriging imply that the maximal
amount of information is extracted from the geohydrologic field data. Also,
a statistical quantification of the estimation error is established by
using the error variance.

The statistical quantification of estimation error allows a geohydrologist
or modeler to:

1) Establish dats validity by comparing observed and predicted
values; differences ruur than 3 standard deviations (3¢)
indicate potentially invalid data (with 99% confidence).

2) Objectively identify the utility or worth of gathering additional
field measurements by examining o.
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3) ?clect optimal well locations according to the desired reduction
no.

4) Evaluate subjective inferences by determining whether hand-drawn
contour maps are within the 3o error band of the kriged contour

aap.

In addition to producing contour maps by kriging and statistically
quantifying the estimation error, sensitivity studies are beneficial to the
process of selecting locations for new monitor wells. These studies require
conditional simulations of sample values at potential observation locations
to determine 2 plausible range of new abserved values. Because selection of
those observation locations may have significant impact on the conceptual
and simulation mode? of the flow system, subjective judgement based on
experience must also be applied even if only to serve as a check against
kriging results.

Stresmtube Hydraulic Conductivity Inverse Calculations

To accurately simulate contaminant transport, it (s necessary to estimste
the Darcian velocity field. Potentiometric head data are typically more
plentiful and accurate than other types of geohydrologic data. Kriged
potentiometric surfaces based head maasurements are generally resl-
fstic interpretations of the flow system. On the other hand, hydraulic
conductivity measurements that are derived from pump tests often exhibit
tremendous variability and very 1ittle spatial correlation with observed
hydraulic gradients. Significant errors in calculated hydraulic con-
ductivity usually result from media heterogeneities and the fact that puwp
tasts do not usually stress the system over 2 large enough area to be truly
represantative of macro-scale flow.

Researchers have resorted to “inverse techniques" to infer realistic
hydraulic conductivity distridbutions from available potent iometric head and
hydraulic conductivity data (Chavent, 1975; Cooley, 1977;: Neumen, 1973 and
1980; Neuman and Yakawitz, 1979; Wilson and Duttinger, 1978; Wilson et al.,
1979; and Nelson, 1960). :

The faverse tacimique which we have used was destigned by Stallmen (1956),
Nelson (1960 end 1961), Cearlock, et al., 1972), and Rice (1983), emd
fnvoives scaling a known hydraulic conductivity value along a streamtube
sccording to the convergence or divergence of fiow. The approach requires
8 digitized potentiometric head surface to genarate & fiow net and a known
hydraul ic conductivity value for each streamtube. This approach is ides)
for preliminary site characterization ectivities decavse a numerica)
mnvﬂuunt is not required. The basis of the method is as
(] !
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For systems in which two-dimensional flow predominates, the transmissivity,
T, can be defined as:

T=0xK (1)

where D is the thickness of the saturated zone and K is the depth-average
hydraulic conductivity. Darcy's Law yields:

q = -K(grad h) (2)

where q is the specific discharge velocity, K is the hydraulic conductivity,
and grad h is the hydraulic gradient. The discharge, G, passing through a
streamtube of cross-sectional area A is given by:

05 (3)
where s denotes the distance along the streamtube.
The discharge, Q, may be estimated by:

Qs & x (w) x L2 (4)

where h; and hp are the potmtiontric head values separated by a distance
“:{:m thc stremmtube, d 1s the stremmtube depth, and W is the stremmtube
w .

Thus, {f the hydraulic conductivity 1s known in one element of the
streamtube, then the flux, (, through the streamtube may be evaluated.

loc-m mass sust be conserved and the dimensions (d, W, and l.) and head drop
h} ) are known, the hydraulic conductivity along the streamtube may be

The streamtube inverse approach does not require a finite elament or finite
difference aode) as do other indirect approaches (Cooley, 1975.
Newman, 1973 and 1980; Neumen ond Vakowitz, 1979; Wilson and Dettd
1978; and Wilson et al.. 1979). Mowsver, the results of the stre
inverse analysis should be considered m!Mm ond used only in nftial
site characterization studias. The inferred hydranlic comductivity dis-
tribution via this methed is an fdesl stﬂtq potnt for an indirect taverse
flow mede! calibration precedure.

Flow Sys! 2

ﬂn grounduster 0WCes onconpassing the site were grouped
into four lmn. 1) sﬂt nl cm g mign (shallow mm}. 2)
sand/gravel, 3) fractured bedveck, which clcn with Layer 2 comprises the
mmr a. nl C) mnurd forming a 1ower confining
and tramsport activities invelved caltbrating
a tlnu-dhnﬂuﬂ ﬂano-cm msde] to simlate flew in the weer
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three layers. The geostatistical activities were concentrated on the
aquifer where the contamination was most widespread, and therefore, the
majority of monitoring wells (50-deep system vs 24-shallow system, as of
April 1982) were bored into this deep system. Although a realistic
potentiometric surface was kriged for the shallow system, only the work on
the deep system is discussed here.

The Yeft side of Figure 2 contains a plot of locations for wells bored into
the deep hydrostratigraphic unit (50 wells) and a hand-drawn contour map of
potentiometric head (Apri), 1982) as interpreted by the project geo-
hydrologist. The potentiometric surface generally conforwms to the topog-
raphy with a convergence of flow along the eastern site boundary.
Geostatistica) data analysis techniques were applied to evaluate the hand-
interpreted potenttometric surface and help select additional well loca-
tions for the next phase of drilling.

The validity of the April, 1982, potentiometric data was checked first.
This involved deriving kriged estimates of potentiometric head at existing
well locations using head measurements from surrounding wells. The kriged
estimate utilized the eight closest neighboring wells using a constant
drift (order = 0) and a linear generalized covariance, K(h) = -1.0 h where
h represents the distance between wells. Thirteen data errors were
discovered that were attributed to transcription errors and incorrectly-
surveyed well locations, and two wells were assigned to the wrong hydro-
stratigraphic unit.

The right side of Figure 2 contains a contour plot of the kri
potentiometric surface based upon the April, 1982, measured head data. This
surface was generated using the eight nearest neighbors, a comstant drift
(order = 0), and a linear generalized coveriance, K(h) = -0.0361 h. The
order of drift (0) and generalized covariance (-0.0361 h) were selected
using identification routines developed for generalized increment processes
(Matheron, 1973).

The hand-interpreted surface and the kriged surface (Figure 2) have the same
general southessterly flow characteristics, however, the two surfaces do
not agree 1in a number of areas. The primery reasons and areas of
disagreement between the geohydrologist’s hand-érawn potential surface and
the kriged version are:

o the lack of head data which resulted in head differences of up to
4 maters bDetwaen the two versions in the areas cast and south of
the site boundary;

' the geohydrologist’'s hypothests that a highly permeable, buried
* mn-ebml"cts as & conduit to mu’ tzn m.uniu flow
convergence along the eastern boundary; and

IR S et




. the geohydrologist's assusption that topographic highs repre-
sented structural highs for all layers and this, in turn, should
be reflected by head potential highs along the south ridge, north
ridge, north hill, and east of the site ndary.

N
=

FIGME 2. WHand-Drawm (Left sm) ond Kriz: (Right Side)
' Potent fometric Contour Map of ODsep System
}nm. 1902) ind the Monitor Wells Used
Potentials in Neters Above Mean Sea Level)

Sased on the diffevences between the kriged and interpreted surfaces, areas
mtnuﬂplmt::‘u.r“m aster, and the need for accurate
characterization of nant plumes, 10 now wells were fastslled tv;:
the desp system. Following completion of the wells, & set of stabili
potent iemetric msesurempnts was cotllected 1a 1983, thet fncluded the
ton now wells of the dosp wuﬁratk it rPu 3, right half). T
diffevences betwoen the ] » (laft half of Figuwre 3) and Narch,
1983, (right half of Figure 3} kriged potentiometric surfaces are Misted
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The March, 1983, kriged surface was significantly smoother and
more regular in 'the north hill area because of the new well and
reclassifying several wells which proved to be interconnected
with the deep system,

The fiow convergence was more clearly delineated in the March,
1983, kriged surface because of inclusion of a recently dis-
covered of f-site well (not shown) one-half mile east of the site.

The results of the new gechydrologic data and second kriged potential
surface indicates:

KRIGED HEAD SURFACE. APRA, 1902

flow convergence does occur along the eastern site boundary as
inferred by the geohydrologist; and

a highly permeable, buried paleochannel probably exists alon?
eastem)boundary (this was confirmed during subsequent field
studies

KRIGED HEAD SURFACE, MARCN, 1903
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In the above off-site area where data was lacking or scarce, the ?eo-
hydrologist predicted the potential surface more accurately than kriging.
The extrapolation of the probable potentia) surface was based on topog-
raphy, on-site data, and off-site geologic data.

On-site where data is adequate, krigin? proved to be superfior because it is
not biased, that s, it does not take into account the possible effects of
topography or geologic inference as does the geohydrologist. The field data
showed that although the geohydrologist correctly predicted the fractured
bedrock surface (top layer 3) on the north hill and ridge, he overestimated
the influence of the physiography and geologic fabric on the head potential
and consequently groundwater flow directfon. The two new wells on the south
ridr confirmed that groundwater flows through the ridge and is not
deflected around i1t as the geohydrologist predicted. This flow through the
ridge occurs because the bedrock surface does not conform to the surface
topography unlike other topographic highs in the study area. This last
point is important to the design of a remedial action plan since contaminant
sources are believed to be located in the southwestern corner of the site.

The next step in system characterization was to determine a hydraulic
conductivity distribution that would conform to the flow-net derived from
the March, 1983, kriged potentiometric surface using the VIT flow code
(Bond, 1981). The left half of Figure &4 contains a2 kriged contour plot of
the transmissivity data that had been derived from pump tests. The
transaissivtt{ data svﬂnd over four orders of magnitude of variability
(range = 0.01 - 550 w¢/d) with very little correlation between trans-
missivity values and the flow-net. In order to be ically realistic
(conserve flow), transmissivity values needed to be high in regions of low
hydrautic gradient and low in regions of high hydraulic gradient.

To remedy the situation, the streamtube hydraulic conductivity {inverse
technigue was applied to the kriged flow-net. The observed transmissivity
values from on-site wells and estimated values from off-site wells in the
10-35 wt/d range were used as initial values for six streamtube analyses for
the region. No recharge or discharge was assumed along the streamtubes, and
a uniform depth for the deep stratigrahic unit was specified. The inferred
transmissivities along thease six streamtubes were kriged to the entire
region using six-point neighborhoods, constant drift (order = 0), and
linear generalized coveriance, k(h) = -1 h. The inferred transmissivity
distribution is presented n ng: 4, the right side; the six streamtubes
that were used to characterize region are also indicated.

The hydraulic comductivity distribution for the deep aquifer was then
derived from the inferred transmissivity surface by dividing the transmis-~
sivity values by the ifer thickmess. This fiaferved aulic con-
ductivity surface as the basis for the first simulation runs of
three-dimpnsional fudnur flow model. Utilizing the inferred hydraulic
conductivity distribution for the dunp wnit and regional determinations of

‘ i observed properties of other

boundery flux, rechargs, solute precesses, and




layers, the models used to predict flow, and transport were calibrated with

only minor adjustments to the permeability field. The accuracy and

calibration time saved demonstrates the usefulness of kriging and an

elementary streamtube inverse technique to determine the hydraulic con-
¢ ductivity distribution.
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* , FIGURE 4. Comparison of Two Kriged Transmissivity Surfaces,
T Utilizing Existing Data Points (Left Side) and
Streamtube Inverse Technique (Right Side) (Con-
tours in Meters Squared per Day)

CONCLUSIONS

Secause characterizing the spatial extent of contamination is such an
important aspect of a site characterfzettion study, kriging and its
sssociated inverse technique are essential to determining monitor well
placement and sufficiency, evaluating data validity, end performing sen-
sitivity studfes.
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Some of the important benefits that kriging offers for processing geo-
hydrologic data are:

. objectively and quantitatively fidentifying the need for addi-

tional field measurements to reduce data uncertainty to accept-
able levels;

. selecting optimal well locations for defining the flow system,
thus eliminating unnecessary monitor wells;

. providing objective feedback to determine the value of subjective
inferences made by geohydrologists;

o establishing data validity;

N producing "best fit" contour plots from irregularly spaced field '
measurements;

. reducing the time and cost required to update computer simulation
mode) surfaces as new data are requived; and

. producing a mass-conserving hydraulic conductivity field in
conjunction with the inverse technique.

Underlying all these potential benefits of kriging to gechydrologic site
investigation is the fac’f that kriging alone cannot perform miracles. It is
absolutely essential that experienced georohyérologists be involved with
the geostatistician during the kriging analysis to provide additional site-
specific information that kriging cannot assimilate. Kriging s simply an
empirical technique to determine spatial interpolation; used with expert

gechydrologic judgement kriging becomes a very powerful tool for site
characterization.
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